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ABSTRACT 
EXAMINING THE EFFICACY OF TWO COMPUTERIZED READING 
PROGRAMS FOR KINDERGARTEN STUDENTS AT-RISK FOR READING 
AND BEHAVIOR PROBLEMS 
May 2006 
Julie Clarfield, B.S., JAMES MADISON UNIVERSITY 
M.Ed., UNIVERSITY OF MASSACHUSETTS AMHERST 
PhD., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Dr. Gary Stoner 
This study investigated the effects of two computerized reading programs, 
Headsprout and Lexia, on the early reading skills of Kindergarten students. The 
Kindergarteners included typically developing students, as well as students at-risk for 
reading problems, behavior problems, and both reading and behavior problems. Risk 
status was determined through the use of the Systematic Screening for Behavior 
Disorders (SSBD) and the Dynamic Indicators of Basic Early Literacy Skills (DIBELS). 
A treatment comparison design was used, whereby 42 students in one school received 
computerized supplemental reading instruction via the Headsprout program, while 44 
students in another school served as the comparison group and used the computerized 
reading program, Lexia. Both schools used the computerized programs as supplements to 
the Scott Foresman reading curriculum. Data were collected on early literacy skill 
development using the DIBELS and the Group Reading Assessment and Diagnostic 
Evaluation (GRADE). The social validity of the Headsprout program was assessed 
through a survey administered to the teachers. Overall, the group receiving the 
Headsprout intervention outperformed the group receiving the Lexia intervention on all 
dependent measures, and statistical significance was found for two of the outcome 
measures. Limitations of the study, implications for educators, and suggestions for future 
research are also discussed. 
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CHAPTER 1 
STATEMENT OF THE PROBLEM 
Magnitude of Reading Problems in the United States 
“We have a genuine national crisis. More and more, we are divided into two 
nations. One that reads and one that doesn’t”. (U.S. Department of Education, 2001 p. 1). 
This is a compelling quote from the current president of United States, George W. Bush, 
in reference to the vast amounts of data that document the problems experienced by 
individuals unable to read competently. Reading is a cultural imperative and an important 
foundation upon which generalized independent functioning within American society is 
built. Early reading problems have been framed as “developmental precursors” to a wide 
range of later social, educational, and emotional problems including: the development of 
later reading disabilities, school behavior problems, incarceration, drug and alcohol use, 
and serious emotional disturbances (Satz, Taylor, Friel, & Fletcher, 1978; U.S. 
Department of Education, 1997). 
The ability to read is a prerequisite for living and working in the United States. 
Adults with low levels of literacy are highly likely to have significant difficulties at a 
socioeconomic level, most likely due to their impaired ability to function in the majority 
of employment situations (U.S. Department of Education, 1997). In a study conducted in 
1997, Lyon reported that up to 75% of unemployed adults sampled were unable to read. 
In the prison population of a decade ago, at least 60% of prisoners and 85% of juveniles 
who appear in court are illiterate (Hodgkinson, 1991). Undoubtedly, individuals with low 
literacy skills in the United States can be considered functionally “at risk” for a multitude 
of debilitating problems (U.S. Department of Education, 1997). 
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One estimate of the magnitude of reading problems in America is the finding that 
50% of children will have difficulty learning to read and that only half of these children 
will become proficient readers (Lyon, 1997). In 2002, President George W. Bush signed 
into legislation the “No Child Left Behind Act (NCLB)” Act. This Act mandates 
increased education accountability for schools, school districts, and states; greater 
flexibility for states in using federal funds; and a stronger emphasis in public schools on 
reading (No Child Left Behind Act of 2001). The “No Child Left Behind Act” proposes 
that every child should be able to read by the end of third grade. In order to accomplish 
such achievement in reading, several related initiatives were developed including 
Reading First and Early Reading First. These initiatives significantly increased Federal 
investment in scientifically based reading instruction and intervention programs for 
young children. 
The national goal of ensuring that every child is able to read by the end of the 
third grade has remained elusive, in part because of disparities between children of 
different socioeconomic groups. For example, while the reading achievement scores are 
slowly increasing for children as a whole, much of this increase is due to the high rates of 
improvement among students from economically advantaged school districts. In contrast, 
the scores among students from low socioeconomic districts are continuing to decline. 
The most recent Nations Report Card on 4th Grade Reading reported that 37% of fourth 
grade students in American public schools were reading at below the “basic” level, 
defined as when a child has the prerequisite knowledge and skills that are fundamental 
for proficient work at the fourth grade level. According to this report, 60% of children 
from low SES families were below the “basic” level. In contrast, only 26% of children 
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not from low SES families fell below the “basic” level (National Center for Educational 
Statistics, 2003). 
Early Identification of Reading Problems 
The goal of having more children reading proficiently by the end of third grade 
has lead to more early identification of reading problems. Early identification is a current 
focus of many of the national efforts noted above. This is because students who are 
unable to master the early literacy skills taught in kindergarten may find themselves 
falling behind their peers in a number of areas. A student in kindergarten who is having 
difficulty acquiring reading skills may not receive the necessary intervention due to the 
low expectations for reading progress at this age. There is convincing evidence that 
students who are poor readers in early elementary school continue to be poor readers. For 
example, Juel (1988) followed a group of students from first to fourth grade and found 
that eighty-eight percent of children who were poor readers in the beginning of first grade 
continued to be poor readers in fourth grade. Conversely, the study found that the 
probability that a child who was an average reader in first grade would become a poor 
reader by fourth grade was only .12. These findings revealed stability in reading 
difficulties over time, and suggested that early intervention is a critical component to 
address the nation’s illiteracy problems. 
Research has demonstrated that of the children experiencing reading difficulties, 
only a small percentage continue to have reading problems when provided with 
appropriate, early intervention. For example, Vellutino, Scanlon, Sipay, Small, Pratt, 
Chen, & Denckla (1996) found that with remedial help, only 1.5 to 3 percent of poor 
Kindergarten-aged readers in their study continued to experience significant reading 
3 
difficulties after one semester of remediation (p. 629). A solid foundation of early reading 
research and theory exists (Adams, 1990) upon which to build preventive approaches. It 
is essential for schools to develop and foster a screening and identification system that 
identifies those students who are entering school without the prerequisite early literacy 
skills. Implementing and evaluating research-based approaches is an important step 
toward helping educators preventively prepare more young children for the reading tasks 
they will all be asked to master in the first years of school. Early interventions targeting 
the most important prerequisite skills for reading have the potential to allow a more 
equitable educational start for children from differing circumstances, who otherwise start 
school with disparate preparation for learning to read (Walker, Greenwood, Hart & Carta, 
1994). 
Essential Skills for Effective Reading Instruction 
This focus on early identification of reading problems holds promise for literacy 
improvement only when it is linked to reading interventions that are effective. Effective 
early reading instruction has been thoroughly researched and discussed in several widely 
cited sources (Adams, 1990; National Reading Panel, 2000). In the largest, most 
comprehensive evidenced-based review of effective reading instruction, a 
Congressionally mandated National Reading Panel (2002) concluded that the most 
successful way to teach children to read is through instruction that includes a 
combination of methods. For its review, the panel selected research from the 
approximately 100,000 reading research studies that have been published since 1966, and 
another 15,000 that had been published before that time. The panel's review focused on 
the following areas: phonemic awareness, phonics instruction, reading fluency, reading 
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comprehension, teacher education, and computer technology. For the purposes of this 
paper, the concentration will be: phonological awareness, phonemic awareness, phonics, 
and reading fluency. 
Phonological Awareness: Phonological awareness is a general term that refers to 
the student’s access to and awareness of the sounds in language (Wagner & Torgesen, 
1987). It is a crucial early literacy skill because it facilitates a child’s growing 
understanding of the alphabetic principle. Phonological awareness is an encompassing 
term that involves working with the sounds of language at the word, syllable, and 
phoneme level. This important step in early literacy development enables a child to 
understand that words can be broken down into increasingly smaller parts. In order to 
benefit from reading instruction, the child needs to understand that sound parts are 
represented by letters. An extended body of research has been conducted over the last 
three decades that shows a strong positive relationship between high levels of 
phonological awareness and early literacy development (Adams, 1990). It is not 
surprising that phonological awareness is believed by many researchers in the field to be 
one of the single best predictors of at-risk status for early reading difficulties (Birsh, 
1999). As compared to the general term of phonological awareness, phonemic awareness 
is a more specific term that focuses more on smaller units of sound. 
Phonemic Awareness: Phonemic awareness is a subcategory of phonological 
awareness and refers to both the ability to hear and manipulate the sounds in spoken 
words and the understanding that spoken words and syllables are made up of sequences 
of speech sounds. Phonemic awareness, when linked to letter identification, compels 
children to notice how letters represent sounds and prepares them for moving towards 
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reading print. Examples of important phonemic awareness skills include: segmenting 
words into their phonemic components, determining whether words rhyme, and 
determining whether a word’s beginning or ending sound is similar to those of another 
word (Birsh, 1999). A metaanalysis conducted by the National Reading Panel in 2000, 
concluded that teaching phonemic awareness improves children’s reading ability 
compared to providing instruction that lacks phonemic awareness activities. Lyon (1995) 
wrote, “the best predictor of reading difficulty in kindergarten or first grade is the 
inability to segment words and syllables into constituent sound units”. 
Phonics: Phonics teaches children the relationship between the letters of written 
language and the individual sounds (phonemes) of spoken language. Although phonics 
instruction has been controversial over the past 20 years, a large body of research points 
to its essential role in teaching children to read. Chall (2000) stated that effective reading 
instruction provides children with essential phonics-based strategies for reading text. The 
association between letters and sounds must become fluent so that learners can move to 
the next step of decoding words. It has been found that systematic phonics instruction 
provides significant benefits for elementary aged students. In addition, research suggests 
that the absence of explicit instruction in phonemic awareness and phonics can cause 
learning problems that place students at a “permanent educational disadvantage” 
(National Reading Panel, 2000). 
Reading Fluency: Fluent readers are able to read orally with speed, accuracy, and 
proper expression. Fluency is one of several critical factors necessary for reading 
comprehension. Moreover, poor reading fluency is a reliable predictor of reading 
comprehension issues (Lyon, 1997). That is, if text is read in a laborious and inefficient 
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manner, it will be difficult for the child to remember what has been read and to relate the 
ideas expressed in the text to his or her background knowledge. Recent research on the 
efficacy of certain approaches to teaching fluency has led to increased recognition of its 
importance in the classroom and to changes in instructional practices. The fluent 
translation of the flow of print to speech enables the reader to attend to the meaning 
rather than laboring to decipher the alphabetic code of the printed text (National Reading 
Panel, 2000). 
While the essential components of effective reading instruction have been 
identified along with concomitant desirable skill outcomes, children also must be able to 
exhibit self-control of their classroom behavior in order to benefit from this instruction. 
The next section of this proposal briefly examines issues relating to behavior problems in 
school-age children. 
Children At-Risk for Externalizing Behavior Problems 
In addition to focusing on reading as a precursor to school success, another 
consideration in need of attention is the identification of early childhood behavior 
problems. The behavioral expectations of the classroom need to be met in order to 
facilitate academic progress. The presence of behavior problems places young children 
at-risk for developing reading problems (O’Reilly, 2002). Researchers have found that 
academic failure in the early grades is often due to noncompliance with school rules 
(Reid & Patterson, 1991). One group of students that is particularly susceptible to 
academic failure is those children identified with, or at risk for externalizing behavior 
disorders. Externalizing behavior disorders are characterized by aggressive, defiant, 
hyperactive, impulsive, and defiant behaviors. These behaviors are psychometrically 
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separable from internalizing behavior disorders, which constitute sadness, withdrawal, 
somatic concerns, and anxiety. In addition, most evidence reveals that externalizing or 
disruptive behavioral problems are more likely to persist over time than are internalizing 
behaviors (Hinshaw, 1992). 
There are three forms of externalizing behavior disorders in children: Attention 
Deficit Hyperactivity Disorder (ADHD), Oppositional Defiant Disorder, and Conduct 
Disorder. A child diagnosed with Oppositional Defiant Disorder exhibits a pattern of 
oppositional and defiant behavior that does not include aggressive acts. Conduct Disorder 
is described in the Diagnostic and Statistical Manual (DSM-IV; American Psychiatric 
Association, 1994) as consisting of symptoms of significant rule violations, including a 
history of aggressive acts against people, objects, or animals. ADHD is described in 
DSM-IV as consisting primarily of symptoms including a lack of regulation in activity 
level, difficulties with impulse control, and a lack of sustained attention. 
Within the past two decades, researchers have become interested in the 
relationship between children with externalizing behavior disorders and their subsequent 
low academic achievement. Hinshaw (1992) completed an extensive review of issues 
pertaining to the comorbidity between externalizing behavior problems and academic 
underachievement. The overlap between externalizing behavior disorders and academic 
failure is clearly sizable as he reported that approximately 20% of students with 
hyperactivity or conduct disorder also have been diagnosed with learning disabilities. 
Depending on the stringency of the defining formula for academic underachievement, 
approximately 6-20% of children with conduct disorder or attention disorders also had 
academic performance issues (Frick, Kamphaus, Lahey, Loeber, Christ, Hart, & 
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Tannenbaum, 1991). However, a multivariate analysis that controlled for the co¬ 
occurrence of ADHD and conduct disorder revealed that only the ADHD status was 
associated with academic problems. Therefore, the remainder of this paper will focus on 
the externalizing behavior disorder of ADHD. 
Researchers have found that children who display early issues in the area of 
attention often have academic problems (Hinshaw, 1992). An alternative hypothesis, 
however, is that the failure to acquire the necessary prerequisite skills for reading causes 
children to develop attentional problems (McGee & Share, 1988). This is primarily due to 
the large overlap between students with ADHD and those with reading problems. In 
2000, a study was conducted that specifically investigated the relationship between 
inattention and reading skills. The authors concluded that attention problems were a 
predictive factor in poor reading achievement (Rabiner, Coie, & The Conduct Problems 
Prevention Research Group, 2000). As many as 80% of students with ADHD have been 
found to exhibit academic performance problems (Cantwell & Baker, 1991), including 
lower than expected work completion rates. Further, approximately 20-30% of children 
with ADHD are classified as “learning disabled” due to deficits in the acquisition of 
specific academic skills. The majority of these students are classified as “learning 
disabled” in the area of reading (DuPaul & Stoner, 2003). 
Students with externalizing behavior problems are often in need of effective 
intervention strategies to address the academic problems that are associated with their 
challenging behaviors. This need for both academic and behavior support has led some 
researchers to suggest the necessity of employing a range of intervention agents, in 
recognition that teachers are not the only means of delivering interventions to students. 
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The acknowledgment that interventions for students with ADHD can and should be 
mediated by a variety of delivery methods is an important contemporary intervention 
design issue. Effective strategies can be implemented by teachers, parents, peers, the 
identified students, and computers (DuPaul & Stoner, 2003). Interventions that use peers, 
computers, or self-monitoring shift the primary responsibility for individualized 
interventions from teachers, and allows them to devote more time to teaching. Employing 
the computer as an intervention agent has great promise for all students, particularly for 
those with attentional issues (DuPaul & Stoner, 2003). 
Computer-Assisted Instruction 
There has been a great deal of research conducted during the past 30 years on the 
effects of computer use on student achievement and learning rate. This research covers a 
wide range of topics, including computerized learning activities which supplement 
conventional instruction and programs which are designed to teach new information. 
There are several different terms used in conjunction with computer-assisted instruction, 
including: computer-based instruction, computer-managed instruction, computer-based 
education, and computer-enriched instruction (Chambers & Sprecher, 1983). For the 
purposes of this paper, the definitions of computer-assisted instruction and computer- 
based instruction will be further explained. 
Computer-based instruction (CBI) is the broadest term used to identify learning 
activities involving computers. CBI refers to virtually any kind of computer use in 
educational settings, including: drill and practice, tutorials, programming, database 
development, and supplementary exercises. This term may refer to either stand-alone 
computer activities or computerized work that reinforces material introduced by teachers. 
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Computer-assisted instruction is a more narrowly defined term and refers to 
computerized activities which deliver instruction in a drill-and-practice or simulation 
format. The educational material can be either supplemental to teacher-directed 
instruction or novel information (Kulik & Kulik, 1991). 
The Potential Benefits of Computer-Assisted Instruction 
Many professionals in the field of education believe that computer-assisted 
instruction will not only reduce educational costs in the long run, but that it will also 
enhance educational effects (Kulik & Kulik, 1991). Computer-assisted instruction 
represents a promising method for teaching reading in an engaging, cost-saving, and 
practical manner. Well-designed computer programs allow children to learn through 
active exploration and interaction without increasing time demands on teachers. 
Advantages to using CAI are numerous and the motivational aspect of CAI for low 
performing readers is well documented in the literature (Barker & Torgesen, 1995; 
Lungberg, 1995). 
Consequently, CAI eliminates many impediments to effective intervention such as 
requiring young children to sit still and attend to teacher direction for extended periods of 
instruction (Lonigan, Driscoll, Phillips, Cantor, Anthony, & Goldstein, 2003). 
Computerized interventions have the unique advantage of providing individualized, 
highly engaging teaching with frequent opportunities to respond, and high rates of 
success. CAI allows students to receive individualized instruction that adapts to each 
child’s learning pace without a great deal of extra work for teachers. CAI can provide 
modeling without the teacher being present, provide immediate corrective feedback, and 
can consistently and immediately deliver reinforcement. Because of these capabilities. 
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computers have the potential to provide important instructional opportunities to help 
children acquire critical early reading skills (Barker & Torgesen, 1995; Lungberg, 1995). 
Due to the fact that, as stated at the onset of this paper, 50% of children will have 
difficulty learning to read (Lyon, 1997) it is necessary to review the efficacy of CAI for 
this large population of students. 
Efficacy of CAI for Students at Risk for Reading Problems 
There have been a number of recent studies demonstrating positive academic 
effects of computer-based methods for teaching early phonological skills for children at- 
risk for reading disorders. Research by Foster, Erickson, & Foster (1994) and Barker and 
Torgesen (1995) found that CAI showed promising effects in improving the phonological 
awareness skills for Kindergarten students. Unfortunately, the results of these studies are 
difficult to generalize, as they did not include an acceptable control group. Mioduser, 
Tur-Kaspa, and Leitner (2000) examined the effects of computer technology for pre¬ 
school children at-risk for reading disabilities, and included a control group and two 
experimental groups: one that received only a computer-assisted intervention and another 
that received both the CAI and a teacher-delivered intervention. The authors found that 
the group who received the computerized intervention coupled with the teacher-delivered 
intervention made significant improvements in phonological awareness, word 
recognition, and letter naming tasks compared to their peers who received a teacher- 
delivered reading intervention program (Mioduser et al., 2000). This study also 
recognizes and discusses the prior research hypotheses concerning the motivational value 
of CAI for children at-risk for reading problems. 
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To date, there has been only one published study that directly evaluated the 
efficacy of CAI on the reading skill acquisition with students diagnosed with an 
externalizing behavior problem and at-risk for reading problems (Clarfield & Stoner, 
2005). These researchers evaluated a computerized reading program, Headsprout1, for 
three kindergarten and first grade students diagnosed with ADHD. The effects of this 
study were very strong as a sharp decrease in off-task behavior and a steady increase in 
oral reading fluency growth was found. While the results are promising, the 
generalizability of this study is limited due to the small number of participants. It is 
apparent that more research is needed in the area of academic interventions for young 
children with externalizing behavior disorders, and the potential effectiveness of 
computer-assisted instruction for this population. 
Purpose of the Study 
The work on computer-assisted instruction and reading problems to date suggests 
CAI holds promise for young students at-risk for developing reading problems. However, 
results from these studies are limited for several reasons including small sample sizes and 
a lack of adequate control groups. The purpose of the present study examines the 
effectiveness of a computer-assisted reading instruction program on increasing the 
reading skills of kindergarten students deemed typically developing, at-risk for reading 
problems, at-risk for behavior problems, and at-risk for both reading and behavior 
problems. 
Specifically, the research questions addressed in this study and answered 
throughout the ensuing chapters include the following questions. Given a group of 
Kindergarten children consisting of: 
1 Headsprout. (n.d) Retrieved March 30, 2004 from http://www.headsprout.com 
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a) typically developing students 
b) students at-risk for reading problems 
c) students at-risk for behavior problems 
d) students at-risk for both reading and behavior problems; 
Research Question # 1) Averaged across risk status, are there significant differences 
on the change scores for Phoneme Segmentation Fluency (PSF) and Nonsense Word 
Fluency (NWF) of the Dynamic Indicators of Basic Early Literacy Skills (DIBELS; Good 
and Kaminski, 1996) and/or posttest scores of the Sound Matching subtest of the Group 
Reading Assessment and Diagnostic Evaluation (GRADE; Williams, 2001) as a function 
of treatment group. That is, will students receiving the Headsprout supplemental 
instruction perform differently on the outcome measures as compared to those receiving 
the Lexia supplemental instruction? 
Hypothesis #7: It is hypothesized that the students receiving the Headsprout 
intervention will show significant differences on the change scores on PSF and NWF of 
the DIBELS and posttest scores of the Sound Matching subtest of the GRADE as 
compared to the Lexia instructed students. 
Research Question # 2) Averaged across treatment group, are there significant 
differences on the change scores on PSF and NWF of the DIBELS, and/or posttest scores 
of the Sound Matching subtests of the GRADE as a function of risk status? 
Hypothesis # 2: It is hypothesized that there will be significant differences on the 
change scores on the PSF, NWF, and Sound Matching variables as a function of risk 
status. 
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Research Question # 3) Are differential outcomes between CAI groups, 
moderated as a function of risk status? 
Hypothesis # 3: It is hypothesized that differences in responsiveness will be 
moderated as a function of risk status. More specifically, it is hypothesized that students 
receiving the Headsprout instruction who are at-risk for reading difficulties, at-risk for 
behavior difficulties, and doubly at-risk for both reading and behavior difficulties will 
perform significantly better across dependent variables than those students receiving the 
Lexia instruction. In contrast, it is hypothesized that for typically developing students, 
there will not be significant differences between the CAI groups across the outcome 
measures. 
Research Question # 4) How do the teachers who used the Headsprout program 
rate the acceptability of this program? 
Hypothesis # 4: Teachers of students involved in the Headsprout program will 




The purpose of this chapter is to review the literature that has contributed to the 
understanding of the effectiveness of computer-based reading interventions designed for 
elementary-aged students. With the recent advent of computer technology in the schools, 
research in this area is in its relative infancy and researchers are beginning to explore the 
efficacy of computer-assisted instruction (CAI) with typically developing children as well 
as children exhibiting reading difficulties. Just twelve years ago, the opening statement of 
a journal article by Davidson (1994) evaluating a computerized reading program read, 
“There is indirect research evidence which would suggest that computers might be 
beneficial in the teaching of reading” (p. 181). In the period since this article was 
published, many contributions have been made by a number of researchers in addressing 
this topic. 
Both teachers and computers have the capacity to separately, and in tandem focus 
on specific reading skills. The appeal of CAI for improving and increasing instruction is 
based on the principle that teacher-directed instruction has the ability to transfer to 
computer applications with additional advantages. The popular practice of using CAI is 
that classroom teachers are able to reallocate teaching time for students, due to the fact 
that both the teacher and computer can actively engage students in reading instruction. 
Well-developed computer programs have become a potential supplement to classroom 
teachers when CAI provides instruction concurrent with practice in specific reading skills 
and strategies. Elements of effective instructional design and teaching practices can be 
incorporated into CAI, such as explicit, strategic and scaffolded instruction, engaged 
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time, success rate, corrective feedback, and frequent reinforcement (Hall, Hughes & 
Filbert, 2000). CAI has the unique ability to instruct each student at an individualized 
pace, provide immediate feedback, allow for extensive rehearsal or necessary repetition, 
while also being highly motivating. 
Although it is generally agreed that computers have the capacity to be an 
important technology for education, controversy remains concerning how to best allocate 
this technology for children with learning difficulties. Twenty years ago, Torgesen (1986) 
stated, “Computers have the capacity to deliver motivating, carefully monitored, 
individualized, and speech-oriented practice in concentrations far beyond those available 
in traditional instructional format” (p. 159). Since Torgesen’s statement, researchers in 
the field have attempted to find the combination of human and technological applications 
which provide optimum results. Over the past two decades, the effectiveness of various 
computer-assisted reading interventions has been researched with mixed results. 
The intent of this literature review is to summarize empirical research conducted 
using CAI reading interventions for elementary school students, including those at-risk 
for reading problems as well as students identified with learning disabilities. 
Evaluation Procedures for Literature Review 
Experimental studies conducted from 1985 to the present were considered for 
inclusion in this literature review. It should be noted that an important inclusion criterion 
for this review was that the study must have been conducted in the English language. 
There have been several scholarly studies conducted in the Dutch and Hebrew language 
(Helsel-Dewert & Van Den Meiracker, 1987, Van Daal, & Van der Leij, 1992, Mioduser, 
Tur-Kaspa, & Leitner, 2000), however these studies were omitted due to the fact that the 
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focus of the current analysis is limited to the acquisition of literacy skills based in the 
English language. 
Organization of the Literature Review 
This literature review is separated into two different sections. The first section, 
see Table 1, is composed of studies utilizing computer-assisted programs that address the 
component skills of reading, such as rhyming and segmenting. The dependent variable in 
most of these studies is a test of phonological awareness as a primary outcome. Twelve of 
the 19 reviewed studies fell into the category of those assessing phonological awareness. 
In contrast, the second portion of the literature review, see Table 2, is comprised of 
studies focusing on the composite skill of reading. Seven studies are reviewed within this 
category. Standardized reading measures focused on decoding and oral reading fluency 
are the typical dependent measures found in these studies. The research articles are 
organized and presented by age of the participants (pre-school through fifth grade) with 
the following categories: citation, student numbers and characteristics, research design 
and setting, duration of training in experiment group, dependent variable, and results. The 
studies are then presented chronologically by year beginning with the earliest study. 
Studies Assessing Phonological Awareness Programs 
An extensive body of research has developed over the past thirty years identifying 
a strong positive relationship between phonological awareness and early literacy 
development (Adams, 1990; Birsh, 1999; Wagner & Torgesen, 1987). Research focusing 
on improving the phonological awareness of children at-risk for reading difficulties has 
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(Lungburg, 1995; Mitchell & Fox, 2001). Due to this fact, it is now common practice for 
school districts to include phonological awareness instruction into the 
Reading/Language Arts curriculum. While the effectiveness of teacher-delivered 
phonological awareness instruction is well established, there have been a handful of 
studies investigating the effectiveness of computerized programs targeting phonological 
awareness skills. 
Phonological Awareness CAI Studies Utilizing Preschool Students 
The first attempt to provide computer-based training in the area of phonological 
awareness was through the use of the CAI program, Daisyquest (Erickson, Foster, Foster, 
Torgesen, & Packer, 1992). There have been several empirical studies conducted with the 
Daisyquest program and these have yielded promising results for its use with young 
children (Foster, Erickson, Foster, Brinkman, & Torgesen, 1994; Mitchell & Fox, 2001; 
Lonigan, Driscoll, Phillips, Cantor, Anthony, & Goldstein, 2003). The Daisyquest 
program was developed for the purposes of delivering intensive one-on-one phonological 
awareness training that required significantly less teacher time to deliver the instruction. 
The program provides activities in which children practice identifying phonemes and 
segmenting words into phonemes. The instructional activities are linked together by an 
overall theme involving a search for a friendly dragon. As the children master individual 
skills, they are provided with clues to assist them in finding the location of the dragon. 
The authors of the Daisyquest program endorse it as valuable in helping children 
understand the alphabetic principle during the early stages of reading instruction. The 
program is intended to teach the following skills: rhyming recognition, recognizing words 
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that have the same beginning, middle, and ending sounds, recognizing words that can be 
formed from a series of separately presented phonemes, and counting the number of 
sounds in words (Foster et al., 1994). 
The first study (Foster et al., 1994) investigating the effectiveness of the 
Daisyquest program was composed of two experiments: the first with preschool students 
and the second with Kindergarteners. The authors conducted two experiments with strong 
internal validity by using a careful random assignment with matching procedures to 
obtain equal groupings. Participants in the first experiment were 27 preschool students 
who attended a Kinderland Center. The children were administered standard screening 
measures for verbal ability as well as a Phonological Awareness Test, which was 
constructed specifically for the purposes of the study. Participants were randomly 
assigned to an experimental and control group, with 12 students designated to the 
experimental group and 15 students to the control group. Children in the experimental 
group participated in 20 sessions of approximately 20-25 minutes on the Daisyquest 
program and worked through three of the levels. The control group did not receive any 
phonological awareness training other than that which was routinely provided as part of 
their preschool program. Results from this study demonstrated that children in the 
experimental group showed significantly greater gains in phonological awareness skills 
on both the vocabulary and phonological awareness measures. In addition, informal 
observations and interviews indicated that all of the children enjoyed using the 
Daisyquest program. The second experiment in the Foster et al. (1994) study will be 
discussed in the forthcoming portion of this literature review describing CAI for 
Kindergarten students. 
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In another study focused on preschool students, Lonigan et al. (2003) were 
interested in assessing the effectiveness of the Daisyquest program for young children at- 
risk for future reading difficulties. The participants of the study attended a Head Start 
preschool program and ranged in age from 44-64 months. Twenty-two children were in 
the experimental group, and 23 were in the control group. The researchers focused on 
evaluating the effects of the CAI program on the learning of phonological sensitivity 
skills. The students in the experimental group received the Daisyquest intervention for an 
average of 15-20 minutes per day, four to five times per week for a total of eight weeks. 
The control group students received the typical Head Start curriculum. Pre and post-tests 
consisted of two standardized measures assessing vocabulary and decoding, as well as 
researcher-created phonological sensitivity and rhyme oddity assessment. The 
participants receiving the CAI made significantly greater gains on rhyming and 
phoneme/syliable elision tasks as compared to those in the control group. In addition, the 
authors found that the total amount of intervention time was directly related to gains in 
phonological sensitivity skills, including the recognition and detection of rhyme and 
elision skills. In essence, the greater the amount of time the children worked with the 
Daisyquest program, the more growth they experienced on rhyming and elisions tasks. 
While Lonigan et al. (2003) controlled for factors related to internal validity, the 
study’s external validity and generalizability were less well established. The study 
utilized trained research assistants to work on an individualized basis with each child 
using the CAI, and the assistants provided additional instructions throughout the duration 
of the intervention. The authors recognized this weakness in their study by 
acknowledging: 
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Although the results of this study suggest that CAI intervention can be beneficial 
to children at-risk for later reading problems, future intervention studies should 
employ methods in which less individualized attention is required. For CAI to be 
practical in preschool classrooms with single instructors, the need for individual 
supervision needs to be minimized, (p. 259; Lonigan et al., 2003) 
Phonological Awareness CAI Studies with Kindergarten Students 
The studies examined below extend the focus of interest from preschool aged 
students to Kindergarten students. There have been at least four studies conducted with 
Kindergarten students examining the efficacy of CAI programs targeting phonological 
awareness skills. In the second experiment of the Foster et al. (1994) study described 
previously in this chapter, the authors recruited second semester Kindergarten students 
from four suburban Kindergarten classrooms as participants. The students were 
administered the same pretest and screening measures as the first experiment with the 
addition of a computer-based test to measure phonological awareness. Thirty-four 
students were assigned to the training group and 35 students served as the control group. 
The experimental students used the Daisyquest I and II programs, which added an 
instructional activity as well as increasing the number of practice items from the 
Daisyquest program used in the first experiment. The students in the experimental group 
used the program on a daily basis for 16 sessions, while the control group continued to 
receive their typical Kindergarten curriculum. Results from this experiment showed that 
the experimental group significantly outperformed the matched, no-treatment control 
group on three different measures of phonological awareness (Foster et al., 1994). This 
study has provided a seminal source of information for others to replicate and extend. 
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In one such extension, Barker and Torgesen (1995) compared phonological 
awareness training using the Daisyquest (Erickson et ah, 1992) and Daisy’s Castle 
(Erickson et al., 1993) programs, in comparison with two other computer programs. 
Daisy’s Castle is a continuation of the Daisyquest program as it teaches and reinforces 
segmenting words into individual phonemes as well as blending skills. Prior to training, 
there were no statistical differences on pre-test measures of phonological awareness 
skills, verbal intelligence, or word reading skills among the three groups participating in 
this study. The first group spent 25 minutes a day, four days per week systematically 
working through the Daisyquest and Daisy's Castle programs. The second group spent 
the same amount of training time using an alphabetic decoding program, and the third 
group worked on a math skills program. The amount of time spent by all students in the 
intervention training was approximately eight hours. 
Group one, which used the Daisyquest and Daisy's Castle programs, exhibited 
significant differences on phonological awareness and word identification posttest 
measures. The phonological awareness training program not only improved phonological 
awareness skills, but also improved word-reading skills as evidenced by gains on a 
standardized word identification test. The authors suggested the computerized 
intervention significantly improved skills in both phonological awareness as well as word 
reading ability for low-performing readers (Foster et al., 1994). 
While DaisyQuest appears to be the most frequently researched comprehensive 
phonological awareness CAI program, there are other programs that target specific early 
literacy skills. For example, Boone, Higgens, Notari, & Stump (1996) were interested in 
the development and testing of hypermedia software designed to teach letter 
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identification. The authors looked at the effects of a computerized program designed to 
assist students with disabilities and those considered at-risk for developing reading 
problems in a general education Kindergarten setting. The CAI program, HyperCard, was 
developed for this research and the 26 lessons were specifically designed for each of the 
26 letters of the alphabet. 
Boone et al. (1996) included six general education Kindergarten classrooms with 
143 students in both experimental and control settings over the course of the three-year 
study. The classes included children identified with health impairments and students 
considered at-risk for referral to special education. Fifty-six students were in the 
experimental condition and completed one lesson of the HyperCard program for an 
average of 7.5 minutes, one time per week. The CAI was a supplement that was 
integrated into the normal routine of the students, through the use of a learning center 
where the students rotated during independent seatwork. The 87 students in the control 
group had no access to computers or the HyperCard software, however all of the teachers 
in both conditions used the same reading curriculum and spent the equivalent amount of 
time engaged in pre-reading activities. 
The results from this study were mixed, as there were different results in each 
year. The authors utilized a letter identification posttest as the dependent variable for this 
study, and did not include a pre-test as part of their analysis. The students were divided 
into low, middle, and high ability groups based on a standardized reading test 
administered prior to the intervention. An analysis of covariance (ANCOVA) was 
performed on the students’ posttest scores to determine statistical significance between 
the experimental and control classrooms and among the three ability groups in each 
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classroom. In year one, the experimental group significantly outperformed the control 
group in letter identification skills; however, the results were reversed in year two with 
the control group significantly outperforming the experimental group. Interestingly, there 
were no differences found between the groups in year three of the study. In regards to the 
different ability groups, the authors found significant improvements for the middle¬ 
performing students while the low ability group made the least gains. The authors suggest 
that this group of at-risk learners required more practice with the program, and that the 
short time of intervention was too abbreviated to see a change for those students who 
need more opportunity for additional practice. 
The computerized intervention, HyperCard, created for the Boone et al. (2001) 
study included several aspects of effective instructional design. HyperCard allows the 
student to select different activities and alters the instruction depending on the student’s 
correct or incorrect responses. In addition, the authors took advantage of the naturalistic 
setting and infused the use of the computer program into the everyday setting, thus 
creating stronger external validity. The most glaring flaw of this study was the limited 
amount of time of only eight minutes per week that the students were exposed to the 
intervention. This seems an insufficient amount of time to allow for instruction of the 
important pre-literacy skill of letter identification. In addition, a pre-test would have 
yielded a more comprehensive view of the student’s gains in letter identification skills 
and provided a stronger research design. 
Effects of Using an Educational Video Game 
A program for Kindergarten students that is in sharp contrast to the HyperCard 
program in the length of intervention time is the Light span Early Reading Program 
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(PLATO Learning Inc., 2000). This program is played on the Sony Play Station and is 
based on a phonological approach to literacy acquisition. This program allows for the 
integration of school and home learning, as the students can access it from both 
environments. Lightspan provides opportunities for extensive practice on phonemic 
awareness skills, such as: rhyming, sound matching, blending, and phoneme substitution. 
There are a plethora of phonics activities included in the program. In addition, teachers 
have the option to adjust the program to the needs of individual students. 
Din & Calao (2001) investigated whether students who used the Lightspan game 
achieved higher scores on standardized reading and spelling measures than those in a no¬ 
treatment condition. The participants in this study consisted of 47 Kindergarten students 
in two classrooms from low socioeconomic backgrounds. Both classrooms used the same 
reading curriculum and the students were randomly assigned to one of two conditions. 
The 24 students placed into the experimental group used the Lightspan program for 40 
minutes per day for 11 weeks in the classroom. The 23 students in the control group 
received their school’s standard Kindergarten reading instruction without any 
supplement. The authors employed a pre-test, post-test with control group design. Results 
from this study showed a statistically significant gain for the experimental group on both 
standardized reading and spelling dependent measures. 
Comparison of a CAI Program with Teacher-Delivered Instruction 
In contrast to studies investigating CAI efficacy alone, Mitchell & Fox (2001) 
conducted one of the first studies of the relative effectiveness of computer-assisted 
phonological awareness instruction versus teacher-delivered instruction. The authors 
examined the efficacy of Daisyquest (Erickson et al., 1992) and Daisy’s Castle (Erickson, 
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1993) to increase phonological awareness skills for Kindergarten and first grade students 
demonstrating below grade level performance in reading. Thirty-six Kindergarten and 
first grade students at-risk for reading difficulties were randomly assigned to one of three 
experimental conditions. There were four groups of six children, two groups at each 
grade level, in each of the three conditions. Pre and post-tests for this study included the 
phonological measures: rhyming, segmentation, phoneme isolation, and blending. 
The experimental groups were dividing into groups A, B, and C. Group A 
received the DaisyQuest and Daisy’s Castle intervention, while group B received specific 
teacher-delivered phonological awareness instruction. Group C was deemed the 
instructional technology control group, as they spent the designated intervention time 
working with drawing and mathematics software programs. The addition of Group C 
represented an attempt to control for the novelty effect of working on the computer. The 
participants in all groups worked on their designated intervention 30 minutes a day, five 
days a week for a total of four weeks. Results of this study indicated the children who 
received computer-assisted and teacher-delivered phonological awareness instruction 
demonstrated a significant increase in phonological processing skills as compared with 
those in the instructional technology control group. There were no statistically significant 
differences found between the teacher-delivered instructional group and the group 
receiving the computerized instruction. This study provided support for the notion that 
computer-assisted interventions have the capacity to deliver phonological awareness 
training with the same success as teachers. The next study shifts the intervention focus 
from Kindergarten students to first grade students. 
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CAI Phonological Awareness Studies with First Grade Students 
An interesting study was conducted in 2000 across inclusive classrooms in six 
different schools that investigated the effects of a computer-based early reading program 
on the early literacy skills of first grade students identified as either having a disability or 
deemed at-risk for reading problems. Howell, Erickson, Stanger, & Wheaton (2000) and 
commercial developers of the software, IntelliTools Reading (InteliTools, 2000) 
attempted to merge several of the components found to contribute to acquisition of early 
reading skills into the software programs. The skills identified in this program consisted 
of: word identification, phonics instruction, decoding, onset, rhyme, and opportunities to 
read self selected texts. The IntelliTools program used in this study included four units, 
intended to be used for 16 weeks of instruction. Each unit focused on a storybook 
specifically created for the program that emphasized predictable text that included 
repeated phrases and pictures relating directly to the text. 
The students participating in this study were first graders from inclusive 
classrooms across six states. Thirty-three students served as participants in the 
experimental group and met the criteria of either qualifying for special education services 
or being identified by their teachers as having potential for reading failure. A group of 22 
typically developing students from the participating inclusive classrooms served as the 
criterion group. The students in the experimental group received their typical reading 
instruction in addition to using the IntelliTools program for 30 minutes a day, four times 
per week for 16 weeks. The students in the criterion group received only their regular 
reading instruction with no supplemental instruction. 
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The outcome measures of this study consisted of: onset-rhyme, phonemic 
awareness, sight word recognition, and developmental writing and spelling. The results 
revealed that the experimental group outperformed the criterion group on all dependent 
measures. Interestingly, significant results were also found on the phonological 
awareness and writing and developmental subtests, even though these skills were not 
explicitly taught. This leads to the hypothesis that children developed these skills as a by¬ 
product of using the InteliTools program. 
A major weakness in the Howell et al., (2000) study was that the authors failed to 
include an adequate control group. In addition, there was no attempt to regulate the type 
of reading instruction delivered in the six classrooms. Therefore, it is difficult to ascertain 
whether the participants’ literacy improvements were due to the CAI or the difference in 
reading instruction. It is problematic to assume that the use of the computerized program 
was the cause in the reading improvement without the inclusion of an adequate 
comparison intervention. 
In a closely related study, Macaruso, Hook, & McCabe (2002) also investigated 
the efficacy of CAI reading programs for first grade students in a study targeted to 
facilitate the acquisition of word recognition skills. The intervention programs, Phonics 
Based Reading and Strategies for Older Students (Lexia Learning Systems, 2001) were 
used in this particular study. These programs are designed to provide intensive, 
structured, and systematic practice in learning and applying word-attack strategies with 
the goal of improving word recognition skills. Phonological awareness skills are taught in 
conjunction with the decoding strategies. The activities in both programs make use of 
visual graphics and offer frequent opportunities to respond, often requiring timed motor 
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responses followed by immediate feedback. Students have the option of moving on to 
different activities or improving their time through repetition of the same activity. 
The Macaruso et al. (2002) study compared the reading performance of first grade 
students using the Phonics Based Reading and Strategies for Older Students with control 
students receiving similar classroom instruction without the use of CAI. Students from 
10, first grade classrooms across five schools in an urban school district participated in 
this study. One class in each school was assigned to the experimental group and a second 
class to the control group. There were 83 students in the experimental group and 84 in the 
control group. No students receiving special education services were included. Fifteen 
students receiving Title 1 supplemental reading services were in each group. All students 
received daily reading instruction from the Scott Foresman Reading (McFall, 2000) 
curriculum. The students in the experimental group received two to four weekly sessions 
lasting 20 to 30 minutes for a total of six months. Standardized reading measures were 
administered to all participants as a pre-test and post-test. Results indicated that the post¬ 
test scores of the experimental group were greater, but not significantly greater, than the 
post-test scores of the control children who did not received the CAI. However, when 
analyses were restricted to low-performing children eligible for Title 1 services, 
significantly the treatment group obtained higher post-test scores. These results support 
the hypotheses that intensive phonics-based CAI can be beneficial for young students at- 
risk for reading difficulties. 
CAI Phonological Awareness Studies with First through Fifth Grade Students 
In contrast to the investigation of phonological awareness skills, Davidson (1994) 
focused on the particular outcome of sight word recognition with a wider age-range of 
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participants. While there have been several studies designed to teach and practice the 
component skills of reading, researchers are also interested in assessing interventions 
intended to teach isolated words. Davidson (1994) conducted a study evaluating a 
computer program that provides natural speech sounds as feedback. In the program, the 
speech sound of the computer operates as the ‘expert’ reader. For this research, the author 
used pages from popular children’s books and displayed the text from the books onto a 
computer screen. The computer provides prompts for the child to read the stories and has 
the capacity to read any word chosen by the children through the computer mouse. This is 
an approach that is employed by many current popular handheld reading games, and may 
be traced back to this landmark study. Davidson (1994) was interested in two research 
questions: whether the computer generated speech was intelligible, and whether 
speech/feedback accelerated gains on tests of sight vocabulary. 
Twenty students participated in this study, ranging in age from first through fifth 
grade. The author did not provide information pertaining to how many students were 
members of each grade or the duration of time the students spent using the CAI, and did 
not respond to electronic communication from this author requesting this information. 
Ten of the students were placed into the control group that received teacher-led 
instruction on the sight word vocabulary, while the 10 students in the experimental group 
used the CAI developed for this study. The students received the CAI in the classroom 
setting as part of a learning center through which they rotated during independent work 
time. A sight word reading test containing the most frequently occurring words in 
addition to the words included in the CAI story books was administered as a pre-test and 
post-test. Results from this research found significant gains on the sight word reading 
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tests for the experimental group and trends in favor of the experimental group on other 
standardized reading tests. 
While the CAI methodology utilized in the Davidson (1994) research 
demonstrated considerable merit, the author provided insufficient information pertaining 
to the specifics of the intervention. For example, the reader was not provided with the 
duration of the intervention, in regards to how long the students used the program per 
week nor did he report the total amount of time the students spent with the intervention. 
In addition, the author failed to provide information pertaining to the age of each student 
in the study and whether there was any type of matching procedure used in the 
assignment of control and treatment conditions. Therefore, it is not possible to examine 
the internal validity of this study. As far as the external validity, it is not possible to 
replicate this work because the author has not provided the integral information needed to 
do so. While there appears to be much promise in the questions posed by this research, 
design limitations caused by insufficient disclosure of information causes the study to be 
difficult to replicate. 
Using Childhood Songs as Literacy Scaffolds in Computer-Based Programs 
In contrast to Davidson’s focus on traditional methods of increasing sight word 
vocabularies, Pinkard (2001) used a more naturalistic, non-standardized approach to 
improve students’ sight word recognition. In the study, Pinkard reported that previous 
studies have demonstrated that when a student’s home language is devalued in the school 
environment, his or her abilities to attain literacy skills are negatively effected. Due to 
this finding, researchers have begun to investigate the relevance and importance of 
culturally responsive instruction. Pinkard (2001) sought to investigate the efficacy of two 
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computer-based programs, Rappin ’ Reader and Say Oh Say Playmate with African 
American students in the first, second, third, and fourth grade. According to the authors, 
these two programs use the prior knowledge that African Americans bring to the 
classroom as scaffolds for early reading instruction. Rappin ’ Reader situates the reading 
task to rap music by requiring students to construct lyrics to familiar rap music. The 
songs chosen in the program were selected by finding rap songs with a large number of 
words that appeared on Dolch’s second grade vocabulary word list, and the content was 
deemed appropriate for children. As the words of each recognizable song are played, they 
appear on the computer screen allowing the child to both hear and see the word. The 
lessons within the context of the lyrics include a number of activities to assist in word 
identification. In a cloze activity, the students are asked to find missing words in rap 
songs from a list of words, including distracters of the target words. Once the children 
have recorded and learned their composed rap songs, they have the opportunity to share 
them with their classmates. 
Say Oh Say Playmate is similarly based upon the premise that students can use 
oral language skills as a scaffold when reading contextually familiar text. As opposed to 
rap lyrics, this CAI program consists of traditional African American clap-routine lyrics. 
Rap music and clap-routines make use of frequent word repetition, which facilitates 
acquisition of new words (Birsh, 1999). A large component of the Say Oh Say Playmate 
program focuses on assisting students in sight word recognition by reconstructing 
familiar and predictable texts. According to the authors, both Rappin ’ Reader and Say Oh 
Say Playmate were specifically designed for African American elementary school 
students for who rap music and clap-routines are a part of everyday experiences. 
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Pinkard (2001) was interested in whether there were performance differences 
across ethnic groups in sight word acquisition through the use of the CAI programs. A 
total of twelve African-American and Caucasian students from grades one, two, three, 
and four served as participants in this study. All of the students were of low 
socioeconomic status and attended one of three after-school centers. The students were 
paired into dyads and used the programs for two 90-minute sessions. Pre and post¬ 
interviews and pre and post-tests of sight word recognition served as the dependent 
variables. The students in the Rappin ’ Reader group gained an average of 7.3 new words 
from pre-test to post-test, while those in the Say Oh Say Playmate gained an average of 
9.7 additional sight words. Through the interviews, the students rated both programs as 
favorable and answered in the affirmative in regard to using the programs again if given 
the opportunity. While Caucasian participants had a higher pretest and posttest average 
number of words learned across all grade levels, the African-American students had a 
greater percentage gain in sight word vocabulary (Pinkard, 2001). 
The Pinkard (2001) study contains an incomplete exposition of the methods 
employed by the author, which renders the work difficult to replicate. It is unknown 
which order the students received instruction in the two different CAI, as well as the 
number of students from in each grade. However, the most glaring weakness of this study 
is the fact that there was no control group to assess the typical gain that students achieve 
in sight word acquisition. It is difficult to assess the number of sight words that children 
in a non-treatment condition would gain from the pre-test to post-test time period, and to 
gauge if the number of words gained in the study has clinical or educational significance. 
While the results of this study appear promising for culturally responsive reading 
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programs, additional research is necessary. The study that appears next takes a slightly 
different approach than has been applied to this point in this literature review. The next 
study is primarily interested in automatic word recognition. 
Automatic Word Recognition in the Development of Fluent Reading Ability 
The importance of automatic word recognition in the development of fluent 
reading ability has been highlighted by several theories of reading (Adams, 1990; Birsch, 
1999). Lin, Podell, & Rein (1991) conducted a study investigating the acquisition of 
automatized word recognition among mildly mentally retarded and typically developing 
children. The authors set out to assess the differential effects of the critical features of a 
computerized program. Word Attack (Davidson, 1986), and a more traditional pencil and 
paper approach on the automatization of word recognition skills. Ninety-three students 
from 10 public school classrooms in New York City served as the participants for this 
study. Within this sample, 48 were typically developing second grade students, and 45 
were students identified with mild mental retardation or a learning disability. These 
students were in various grades, however their reading achievement was approximately 
on the second grade level. It is of interest to note that all students received instruction in 
self-contained classrooms. Students were randomly assigned and matched to the CAI and 
paper-and-pencil conditions, with 49 students assigned to the CAI condition. Of these 
students, 25 were typically developing and 24 were identified with mild mental 
retardation or a learning disability. Forty-five students were assigned to the pencil-and- 
paper condition; 22 of whom were not identified as special needs students. 
The CAI for this study consisted of 15-minute sessions, three times per week for a 
maximum of 16 sessions. 
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The Word Attack program consists of ten lessons that explicitly teach 25 nouns 
from the second grade curriculum. The intervention is cumulative in nature, whereby new 
words are added in each lesson while the previously learned words are included in each 
subsequent lesson. In the presentation phase of the noun, the word appears at the top of 
the monitor with a short definition presented in the middle of the screen. At the bottom of 
the monitor, a sentence is presented in which the noun is embedded. In the practice phase 
of the lessons, positive reinforcement is provided for correct responses, with messages 
such as “that’s right”, “congratulations” and “great” appearing on the monitor. If the 
student responds incorrectly on the second attempt of a word, the Word Attack program 
provides the correct answer. The paper-and-pencil condition was designed to correspond 
to the instructional delivery of the CAI, with the use of flash cards and worksheets 
intended to replace the computer. The dependent variables of this study were accuracy 
and response time on word recognition tasks. Results revealed two significant main 
effects for accuracy and one main effect for response time. The students assigned to the 
pencil-and-paper condition were more accurate than those receiving the CAI. In regards 
to response time, students in the CAI condition responded at a faster rate than those in the 
paper-and-pencil group. The authors stated: 
Teachers’ task specific verbal instruction tailored to the performance of individual 
learners and moment-by-moment decisions about pacing were critical features of the 
paper-and-pencil condition which led to greater accuracy. The opportunity for 
students to monitor their performance and the immediacy of feedback and 
reinforcement were the inherent qualities of the CAI condition that led to faster 
responses among the nonhandicapped students, (p. 16) 
42 
Comparisons of Different CAI Programs 
The next studies extend the research focus to a comparison of different CAI 
programs. In 1995, Wise & Olson conducted a study that compared the benefits of using 
two different computer-assisted instructional programs over a six month period. One 
hundred-three student participants identified with reading difficulties in grades two 
through five were separated into two groups: “accurate reading in context” group, and 
“phonological analysis” group. The study compared benefits from 27 hours of two 
different kinds of remedial instruction, which differed in the proportion of time spent in 
the “accurate reading in context” condition. The students in the “accurate reading in 
context” group learned comprehension and error-detection strategies and spent all 
computer time reading stories via the computer, which provided accurate speech support 
for any unknown word. In contrast, the students in the “phonological analysis” group 
were taught articulatory phonological awareness (based on Lindamood & Lindamood, 
1969, Auditory Discrimination) and phonics skills. This group spent half their computer 
time engaged in analytic phonological exercises and the other half with the speech- 
supported reading that the “accurate reading in context” group was receiving for the 
entire allotted computer time. Results from this study indicated that children in the 
“phonological analysis” group made stronger gains in all measures of phonological 
awareness and decoding. The students in the “accurate reading in context” condition 
showed a small, but significant difference on a test of time limited reading and 
comprehension. 
A comparison across the 12 studies contained in Table 1 reveals that 75% of the 
studies utilized an experimental and control group design with a pre-test. In addition, 
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75% of the studies were conducted in a laboratory setting, suggesting that it is most 
common for CAI research to take place in a laboratory as opposed to in the naturalistic 
classroom setting. The amount of time students spent using the CAI programs varied 
from a minimum of three hours to a maximum of 36 hours. Eight out of 12 of the studies 
resulted in statistically significant findings of the phonological awareness variables. 
Consequently, the majority of the reviewed research studies of CAI programs teaching 
the component skills of reading provide quite promising results for this form of 
intervention. 
Studies Assessing Reading Fluency 
The following section is devoted to studies assessing the general skill of reading 
fluency. These studies are summarized in Table 2. Garfield & Stoner (2005) evaluated 
the effectiveness of a computerized reading instruction program, Headsprout , with early 
elementary school age students who both met the diagnostic criteria for Attention Deficit 
Hyperactivity Disorder (ADHD), and were experiencing problems in reading 
achievement. The Headsprout program is highly interactive as students engage in over 
180 learner interactions per 20-minute lesson. The lessons are individualized and adapt to 
a child’s pace as it teaches. The program is designed so that every student’s success rate 
in each lesson is 90% or greater. Feedback is interspersed throughout the Headsprout 
program, as all student responses are acknowledged with feedback, encouragement, and 
corrections if necessary. For example, after each correct response, the computer tells the 
child, “yeah” or “you did it”. In addition, the program provides brief (10-30 second) 
humorous movies to entertain the students in between activities. Each animated lesson 
2 www.headsprout.com 
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lasts approximately 20 minutes. The creators of the program recommend that each 
student complete two to three lessons per week. 
A multiple-baseline design across participants was used to examine the effects of 
the Headsprout program on reading performance. Two Kindergarten and one first grade 
student identified with ADHD and reading achievement problems served as participants 
for this study. Each participant used the Headsprout program three days per week, for an 
average of 15-20 minute per session for approximately 11 weeks. First grade-level probes 
from the Dynamic Indicators of Basic Early Literacy Skills (DIBELS) Oral Reading 
Fluency (Good & Kaminski, 1996) were administered weekly to each participant during 
baseline and treatment conditions. Across the three students, the CAI intervention 
produced both higher mean levels of oral reading fluency and greater rates of growth as 
compared to the students’ baseline rates. 
The Garfield & Stoner (2005) study demonstrated beneficial effects of CAI for 
small numbers of students considered at-risk for reading failure as a function of both 
ADHD characteristics and previous reading difficulties. Headsprout, and its particular 
form of CAI, appears to be advantageous and unique in the ability to provide 
individualized, highly engaging teaching with frequent opportunities to respond, and high 
rates of success and reinforcement. This intervention also readily facilitates the use of 
differentiated instruction for each student as this feature is programmed into the software. 
While the results of this study are promising, a few design limitations should be taken 
into consideration. The primary author served as the primary data collector, thereby 
compromising the internal validity of the study. The small number of participants and the 
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location of the intervention outside the classroom also potentially limit the 
generalizability of the study. 
CAI Studies Using Large Sample Sizes 
In contrast to the study by Clarfield & Stoner (2005) which had a small number of 
participants, Underwood (2000) conducted two studies with a much larger sample size. 
These studies compared different types of computer-based reading programs with 
teacher-delivered instruction for typically developing eight-year old students in England. 
The author developed the programs for research purposes and utilized both quantitative 
and qualitative methods to assess the effectiveness and acceptability of the programs. The 
first study used the Integrated Learning System CAI which employs a drill and practice 
technique to deliver a core curriculum of reading content and skills. The program 
presents variable levels of sub-skill practice through activities such as: vocabulary 
enhancement, cloze tasks, sentence completion, and comprehension activities. The 
Integrated Learning System is designed to achieve individualization as it uses a computer 
model of the child's current skills through the use of a pre-test. The second software 
package used in this study was a disk-based story (referred to as a ‘talking book’) that has 
an electronic and paper format. Each page of the ‘talking book’ is first spoken aloud, and 
the children interact with the page by mouse output over the words on the screen. The 
program allows the child to select the whole text or click on individual words, and 
animated illustrations follow each paragraph of the story. 
Five schools participated in the first study, consisting of a pre-test, intervention, 
post-test design. The students were matched by standardized tests of non-verbal 
reasoning and reading ability and placed into either an experimental or control group. 
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One hundred-eight children received the Integrated Learning System CAI three or more 
times per week for 15-20 minute sessions. The 47 students in the control group received 
the typical teacher-delivered reading instruction without any supplemental computerized 
activities. The five different schools utilized the program in different ways, as the author 
explained that the schools controlled the amount, frequency and durations of the 
computer sessions. On average, the students interacted with the program three times per 
week for 15-20 minute sessions over a six-month period. An ANCOVA was performed to 
determine whether the post-test reading scores were statistically different when 
controlling for pre-test reading scores and non-verbal reasoning. Overall, the quantitative 
results demonstrated no significant differences. The experimental and control groups 
evidenced similar level of progress over the span of the intervention. The author analyzed 
the results further, proposing that the effectiveness of the program varied by school, 
depending on the method by which the teachers integrated the software within their 
normal classroom activities. The qualitative results from this study disclosed that the 
children who used the Integrated Learning System program showed a strong preference 
for the CAI rather than receiving teacher-presented instruction in the classroom. This was 
surprising to the author given that the programs were essentially a drill-and-practice 
software package. 
In the second study (Underwood, 2000), the author investigated the used of 
‘talking book’ software with 62 general education students, age eight, who were matched 
into pairs based on reading ability. A control group was not utilized for this study. Each 
pair of students worked with the software for two, twenty-minute sessions separated by 
two weeks. Each participant was then administered a comprehension test and free recall 
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writing task to assess post-test gains. Following the individual assessments, group 
interviews were conducted which revealed that the students enjoyed using the program 
and found it highly motivating. While there were no statistically differences between pre¬ 
test and post-test scores, on average students made improvements through the use of the 
‘talking book’ software. The lack of inclusion of a control group makes this study 
difficult to interpret as it is unclear whether these improvements would have occurred 
regardless of the implementation of the CAI. 
The Underwood (2000) studies not only compared two types of software 
packages, but also different methods of delivering the interventions. The first study, 
identified on page 46, which utilized the Integrated Learning System was a long-term 
design whereby the participants used the program for frequent, short sessions over a six- 
month time period. The uncontrolled management by each of the schools that 
implemented the Integrated Learning System program limits the internal validity of this 
study. The second study, on the other hand, is limited for a different reason. The CAI was 
only used for two sessions thereby providing a very small opportunity for the students to 
make significant reading improvements. 
In a larger study, with a stronger design. Wise, Ring and Olson (2000) 
investigated the potential benefits of a CAI as an extension of the Wise & Olson (1995) 
study described earlier in this chapter. The researchers examined the outcomes from 29 
hours of computer-assisted remedial reading instruction in 200 children ranging from 
grades two through five. All of the children included in the study had reading difficulties 
and scored in the lowest 10% of their respective classrooms on reading assessments. One 
hundred-nine children were assigned to a group that received phonological analysis 
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instruction and the remaining 91 students received instruction in reading comprehension, 
referred to as “accurate-reading-in-contexf’. A pre-test, intervention, post-test design was 
used for this experiment. All participants received 20 hours of individualized practice 
with the CAI and seven to nine hours of small group instruction. The authors utilized a 
comparison design approach whereby both groups received equivalent well-structured 
treatments. Children in both conditions received corrective speech feedback in the 
context of reading stories aloud at their individual reading level. Wise et al. (2000) found 
that the students who received the phonological analysis instruction made significantly 
greater gains in phonological skills and untimed reading of words and nonsense words. 
They also found gains in reading to be a function of initial reading levels, with low 
performing readers evidencing the most gains from phonological training. The children in 
the phonological training condition scored significantly higher on phonological decoding, 
while children in both conditions scored equivalently on measures of word reading. Both 
groups made gains in phonological decoding and word reading. Because of the sound 
methodology and large number of students involved, this study is considered a landmark 
in establishing both internal and external validity of experimental results in this area of 
research. 
CAI Programs for Third, Fourth, and Fifth Grade Students with Reading 
Difficulties 
While several researchers have been interested in investigating different 
components of reading, there have been very few studies that focused on determining 
effectiveness of CAI programs on reading fluency rates. The work by Clarfield & Stoner 
(2005) discussed earlier in the chapter described a small-scale study that assessed oral 
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reading fluency for young elementary school students at-risk for reading problems. 
Almost twenty years prior to this research, Jones, Torgesen, & Sexton (1987) conducted a 
similar study investigating the effects of a CAI intended to increase reading fluency. The 
computerized program, Hint and Hunt I (Beck & Roth, 1984), was evaluated using a 
sample of 20 learning disabled students in third, fourth, and fifth grade. The two-part 
Hint and Hunt I program provides opportunities for extensive practice recognizing and 
analyzing words varying in medial vowels and vowel combinations. Exercises include 
practice on five short vowels, four vowel digraphs and diphthongs contained in single 
syllable words. The first part of the program introduces the vowel sounds that will be part 
of a drill-and-practice format. This determines if the child is able to respond to words 
with these vowels at a beginning level of accuracy. The second portion of the CAI is a 
game that requires children to select words pronounced by the computer in digital speech. 
The object of the game is to be able to fluently and accurately decode vowel sounds in 
several different word environments. New material is gradually introduced across the 10 
levels of the program, including a substantial amount of practice in reading the target 
vowels in different word environments. 
Twenty participants matched by age, intelligence quotient (IQ), and reading level 
were randomly assigned to the experimental or comparison group. All of the participants 
worked with the CAI program for 15 minutes a day, five days per week for a total of 10 
weeks in a laboratory setting. The students in the experimental group worked exclusively 
with the Hint and Hunt I program, while those in the comparison group practiced with a 
spelling program. The spelling program provided repetitive drills using words contained 
in each student’s current spelling list. The authors noted that that neither program had the 
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capacity to adjust to the individual learner’s needs (Jones et al., 1987). Results from this 
study found the children in the experimental group evidenced significant improvements 
in both decoding speed and accuracy than the children in the comparison group. 
Additionally, the experimental group showed significant improvement on generalization 
words that were not introduced in the Hint and Hunt I program versus the comparison 
group. 
Given that the Jones et al. (1987) study was conducted in the 1980’s, this 
represents one of the first comparison studies of computerized reading programs. 
However, computer software at that time was less advanced and was only able to provide 
a narrow scope of instruction as the Hint and Hunt I program, thereby only focusing on 
the instruction of vowel sounds. The lack of comparison with a teacher-led intervention 
also limits the generalizability of this study as it is unclear whether a typical classroom 
environment could provide the same results. The authors stated: 
Although we do not believe it is useful at this point to compare the relative 
effectiveness of computers and teachers in accomplishing relatively narrowly 
defined instructional goals, the question of whether computers can deliver more 
effective practice than other devices is a very important one. (p. 127) 
Jones and colleagues were not the only researchers engaged in the evaluation of 
the Hint and Hunt I program. Also in 1987, Roth & Beck conducted a study which 
examined the effectiveness of Hint and Hunt / paired with the CAI program, Construct- 
A-Word, to improve student’s word recognition and decoding skills. The authors were 
also interested in determining the extent to which improved levels of decoding lead to 
reading comprehension improvements. The Construct-A-Wordprogram was developed 
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by the authors for the purposes of this research study and involves activities where 
children compose words from sets of‘subword letter strings’. The ‘subword letter 
strings’ consist of consonants, consonant clusters, and digraphs that form words when 
combined correctly. There are both game and fluency component of this program which 
involve students working toward constructing increasing numbers of words in decreasing 
amounts of time. 
The participants for this study were 108 students with low reading achievement 
from fourth grade classes in two schools located in the same district. The students in one 
of the schools received the CAI, while the students in the other school did not. In the 
experimental school in which the computer instruction was provided, there were 59 
students. Forty-nine students served as the control group and did not receive any 
supplemental reading instruction. The students in the experimental group used the 
Construct-A-Word program for approximately 10 weeks in the beginning of the school 
year, and the Hint and Hunt I program for 10 weeks beginning in February. The students 
used the program for 3, twenty-minute sessions, three times per week. 
Several standardized reading assessments were conducted as pre-test and post-test 
measures to assess the effectiveness of the programs. The authors reported significant 
increases in word recognition and decoding skills for the students receiving the CAI. The 
effects went beyond the specific set of words in the instruction, as determined by general 
outcome measures. In addition, substantial improvements were found in the area of 
reading comprehension. The authors concluded that intense computerized instruction can 
produce effective change for students at high-risk for reading disabilities (Roth & Beck, 
1987). 
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The results from the Roth & Beck (1987) study spurred others to replicate their 
work. Torgesen, Greenstein, & Jones (1990) evaluated the use of the Construct-A-Word 
and Hint and Hunt 1 programs using similar procedures and methodology to the Roth & 
Beck (1987) study. The participants were 56, 10-year-old students with learning 
disabilities who used CAI programs for 15 minutes a day over a total of 80 training 
sessions. Twenty-eight of the children were in the experimental group and used the 
Construct-A-Word and Hint and Hunt 1 programs, while the 28 students in the control 
group worked an equivalent amount of time on computer programs designed to build 
math skills. In contrast to the Roth & Beck study (1987), Torgesen et al. (1990) did not 
find significant differences in improvement on standardized measures of reading between 
the experimental and control groups as both groups improved comparably. The authors 
reported that the only significant finding of the study was that the students in the 
experimental group increased their ability to rapidly decode nonsense words on an 
experimental reading task. It appears that the question of the effectiveness of combining 
the Hint and Hunt I and Construct-A-Word programs remains for future researchers to 
unravel. 
In summary, the seven reviewed studies assessing CAI programs targeted for the 
composite skill of reading provided mixed results. Only four of the seven studies showed 
significant findings for the advantage of the computerized reading programs. The 
duration of time engaged with the CAI programs varied greatly, ranging from 40 minutes 
to upwards of 29 hours. Therefore, it may be difficult to truly compare and contrast 
studies with such differing amounts of intervention time. As opposed to the studies 
assessing the component skill of reading where there were a handful of studies that 
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utilized the naturalistic environment, 100% of the reviewed studies assessing reading 
fluency took place in a laboratory setting. While this strengthens the internal validity of 
these studies, it limits the external validity and generalizability of the effectiveness of the 
CAI programs in the classroom environment. 
Limitations in the Literature and Directions for Future Research 
In light of the research reviewed here, a number of interesting questions emerge 
regarding the efficacy of CAI as a learning tool in the classroom. Specifically, to what 
extent is it possible to attribute the results of these studies primarily to the effectiveness 
of the computer programs or are other important instructional variables responsible for 
the observed findings? Several of the research articles were unclear as to the exact 
instructional features contained in and delivered by the CAI. For future CAI research, it 
will be fundamental to fully understand the content and methodology of the reading 
instruction delivered via the computer in order to compare its instructional design 
features with either those of a traditional reading program delivered by a teacher, or the 
features of other CAI programs. 
Another important question in the area of CAI pertains to the extent to which the 
computerized instruction can or should be used as a stand-alone method of instruction or 
as a supplementary mode of instruction. This is a question that suggests the importance of 
looking at CAI efficacy in the context of ongoing, day-to-day reading instruction for the 
full range of learners, across a range of school contexts. For example, it would be 
beneficial for research studies to be conducted in pre-school settings where literacy skills 
are not a primary focus, in order to begin to address the question of how effective is 
instruction delivered primarily/exclusively via CAI. And, how should we conceptualize 
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and analyze CAI as a supplement to teacher delivered instruction in real classrooms, 
especially as concerns the amount or time of instruction necessary for effective 
supplemental computerized reading instruction. 
Of the 19 studies reviewed in the literature review, the mean duration of 
computerized instruction time was 17.54 hours. The duration of time engaged in CAI 
ranged from 40 minutes to 36.7 hours. The amount of time that the children spent 
engaged in each computerized session ranged from a low of seven minutes to a high of 40 
minutes. Future studies manipulating and examining the time variables of a particular 
computerized reading intervention, from a cost-benefits analysis would be beneficial in 
beginning to address this question. 
Most of the studies reviewed in this literature review showed adequate internal 
validity features, as research assistants in laboratory settings carefully controlled the 
variables. In fact, only 16% of the reviewed studies were conducted in a naturalistic 
classroom setting. This finding suggests the external validity of CAI in terms of actual 
classroom generalizability and feasibility is largely unknown. It is difficult to predict 
whether the findings from a quiet computer lab where a student has one-to-one assistance 
are realistic as they are to be generalized into the classroom environment. While 74% of 
the reviewed studies found positive effects, it is important to consider the location of the 
computerized intervention. Future researchers should strive to conduct research in the 
classroom setting while providing teachers assistance in proper implementation of the 
CAI within their classroom. This type of applied research will provide information as to 




The purpose of this chapter is to describe the research methods that were utilized 
in this study. First, this chapter will discuss the selection of the participants and 
description of the setting that the study took place. The second aspect of the chapter will 
outline the independent and dependent variables and provide an explanation of the 
determination of the sample size. Third, the independent variable will be described. The 
final portion of this chapter will discuss the research design that was utilized. 
Participants 
Participants were selected from a pool of approximately 106 kindergarten students 
enrolled in two elementary schools in a school district in western Massachusetts. Both 
elementary schools qualified for Federal Title 1 services, which are provided to districts 
that have high percentages of students considered to be at-risk due to low socioeconomic 
status. Fifty-three percent of the students received free or reduced school lunch due to 
low socioeconomic status. Eighty-nine percent of the students were Caucasian, five 
percent were African American, four percent were Hispanic, and two percent were Asian 
American. 
Research Design 
The design implemented for this study was a factorial design with two 
independent variables and three dependent variables. The first independent variable was 
the type of computerized instruction, either Headsprout or Lexia. The second 
independent variable was the risk status of the students for reading or behavior problems. 
This design is depicted in Figure 1. 
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Figure 1. Research Design 
Group Headsprout Lexia 
Typical Students 
Students at-risk for Behavior Problems 
Students at-risk for Reading Problems 
Students at-risk for Both Reading and 
Behavior Problems 
Grouping Variables 
The participants from each school were separated into four different groups for 
analysis purposes. The first group contains those students not at risk for either reading or 
behavior problems. The second group consists of those students at-risk for developing 
reading problems, and the third consists of those students at-risk for developing behavior 
problems. The fourth group contains those students at-risk for developing both reading 
and behavior problems. The determination of a student’s membership into each group is 
explained below. 
Reading Screening. 
The reading screening variable used was the winter benchmark score on the Letter 
Naming measure of the Dynamic Indicators of Basic Early Literacy Skills (DIBELS; 
Good & Kaminski, 1996). Authors of the DIBELS have established benchmark scores 
and a sequential timeline with which to guide skill acquisition. 
Letter Naming Fluency (LNF). On the LNF task, the child is presented with a 
printed page containing rows of random upper and lower case letters and is asked to 
name as many letter as he/she can in one minute. The total number of correctly identified 
letters is the total score. The concurrent validity with the Woodcock-Johnson Psycho- 
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Educational Battery (Woodcock & Johnson, 1989) readiness score is .70 in kindergarten. 
Alternate-form reliability for the LNF measure is .93 (Good, Kaminski, Shinn, Bratten, & 
Laimon, 2001). Predictive validity of LNF in the spring of kindergarten is .71 with first 
grade oral reading fluency (ORF) using Curriculum Based Measurement (Good, 
Kaminski, Simmons, & Kame’enui, 2001). 
According to the DIBELS benchmarks, a student in the winter of Kindergarten is 
considered to be “at risk” or “some risk” for developing reading problems if he/she is 
unable to name at least 15 letters on the LNF subtest (Good et al, 2001). Therefore, for 
the purposes of this study. Kindergarten students who were unable to name at least 15 
letters on the LNF subtest in the winter were considered to be “at risk” for developing 
reading problems. 
Behavior Screening 
The first stage of the Systematic Screening for Behavior Disorders (SSBD; 
Walker & Severson, 1995) was administered to each Kindergarten teacher in both 
schools in the fall. The SSBD is a three-stage, multiple-gating screening procedure for 
use in the identification of children with, or at-risk for developing, behavior problems. In 
the modified version, externalizing behavior disorders was identified with the use of 
classroom teachers as informants. The first stage is a minimally time-consuming, teacher 
nomination procedure that requires classroom teachers to rank order their students on 
externalizing behavioral dimensions. The authors provide operational definitions of the 
dimensions evaluated along with concrete examples. The mean of the test-retest 
reliability of stage one of the SSBD for externalizing behaviors is .76. According to the 
manual, predictive validity of stage one revealed that 69% of the students rated highest in 
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externalizing behaviors from the previous year were listed among the top three ranked 
students in the subsequent year (Walker & Severson, 1995). The SSBD was administered 
and analyzed by the primary experimenter. Typical use of the SSBD incorporates using 
the top three students nominated from each classroom teacher as a screening measure. 
For the puiposes of this study, however, the five students from each classroom who 
exhibited, according to teacher ranking, the greatest symptomatology along the 
externalizing dimension were identified as “at risk” for developing behavior problems. 
Based on behavior and reading screening of all Kindergarten students, the present study 
divided students into four groups: those with low or no risk for developing reading 
problems (typical students), those at-risk for developing reading problems, those at-risk 
for developing behavior problems, and those at-risk for developing both reading 
problems and behavior problems. 
Identification of Experimental and Comparison Schools 
The students from the larger elementary school (School A), which is also the 
lower performing school as measured by DIBELS and MCAS scores, was employed as 
the students who received the Headsprout CAI intervention. The rationale for assignment 
to the different instructional groups was that School A was Internet-ready, and 
Headsprout necessitates the use of the Internet. The students in school A received the 
Headsprout CAI during computer laboratory time and classroom instruction as 
supplemental reading instruction. The students in school B served as the comparison 
group as they received the Lexia (Lexia Learning Based System, 1997) CAI during 
computer laboratory time as a supplemental reading activity. 
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All students were considered potential participants of this study, including those 
who received special education services. The only students excluded from the study 
were: students who were physically unable to manipulate a computer mouse, students 
with severe visual impairments, students whose behavior prevented them from remaining 
in the general education classroom during more than 25% of the designated reading 
instruction time, and students who re-located into the district after the initial data 
collection. Based on these criteria, three students from the school using the Headsprout 
program and four students from the school using the Lexia program were excluded from 
the study. 
Setting 
The Headsprout instruction occurred during general education reading 
instruction, therefore both groups received similar supplemental teacher-led instruction, 
which was often delivered during non-reading block times. In the computer laboratory, 
the students in school B used the computerized program, Lexia (Lexia Learning Based 
System, 1997) while the students in school A used Headsprout. In the classroom, 
Headsprout was one of the activities that the students rotated to during their reading 
instruction. The study was conducted from early December through early June. 
The students in school A completed the Headsprout lessons in their general 
education classroom during the two-hour reading block at the beginning of the day and 
during their weekly sessions in the computer laboratory. They worked on the program 
two to three times per week. Students in the comparison group used the Lexia computer 
program during their weekly sessions in the computer laboratory, and did not use any 
computerized programs in their general education classrooms. Students deemed at-risk 
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for reading difficulties from both schools received the same teacher-led supplemental 
reading services. These supplemental services include: Fundations (Wilson, 2003), and 
Project Read (Enfield & Greene, 2001). Schools A and B both used the Scott Foresman 
core reading program (McFall, 2004) for all of their kindergarten students. 
Reading Curriculum 
The Scott Foresman core reading program is a Reading First (No Child Left 
Behind Act, 2001) approved program that addresses all five critical reading elements 
(phonemic awareness, phonics, fluency, comprehension, and vocabulary) as well as print 
awareness and writing skills (McFall, 2004). The scope and sequence is presented 
through weekly thematic units that uses shared and guided reading experiences. The 
students are taught letter names in conjunction with identifying and isolating the sounds 
in words. They learn to form letters by tracing and then writing the letters, allowing them 
to connect individual sounds to letters. The students then segment and blend sounds into 
words through rhythm and choral responses. The Scott Foresman core reading program 
also includes a daily phonics routine which provides teachers with a Phonics 
Manipulatives Kit that has several hands-on activities. While the teacher meets with 
small groups, the other students rotate to different work centers. An example of a work 
center is a listening station where students follow along with a story on tape, listen to 
phonics songs, or nursery rhymes. Other potential work centers include: independent 
reading of decodable readers, journal writing, magnetic letter board activities, phonics 




The internet-based reading program, Headsprout, was utilized as the CAI for the 
experimental group. The program was selected because of its approach of explicit 
instruction in phonemic awareness and phonics. Headsprout introduces consistent letters 
and sounds, fluency building exercises and segmenting and blending strategies. The 
program also provides explicit instruction in building sight word vocabularies and 
recognizing and using punctuation cues. The participants used Headsprout Reading 
Basics, which includes the first forty lessons of the Headsprout program. For an in-depth 
description of the Headsprout program, refer to Appendix A. 
The Headsprout program is highly interactive as students engage in over 180 
active learner interactions per 20-minute lesson. The lessons are individualized and adapt 
to a child's pace as it teaches. The program is designed so that the student’s success rate 
in each lesson is at least 90%. A majority of the Headsprout activities involve the child 
completing tasks, which in turn results in the moving of a character to a desired 
destination. The students keep track of their progress through the use of a colorful 
progress map and receive six Headsprout reader booklets throughout the program. After 
students complete a set of episodes, they receive a Headsprout reader, which is a colorful 
story booklet containing the sounds and words that the students have learned throughout 
the program. The Headsprout readers also are intended to motivate students to progress 
through the program, as they are distributed at regular intervals in the sequence of lessons 
and indicate improvement in reading skill development. Feedback is interspersed within 
the Headsprout program, as every student response is acknowledged with feedback, 
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encouragement, and corrections if necessary. For example, after each correct response, 
the computei tells the child, yeah or you did it”. Also, the program provides brief (10 
30 second) humorous movies to entertain the students in between activities. Each 
animated lesson lasts approximately 20 minutes, and the students complete 2-3 lessons 
per week. 
Because the program is internet-based, any improvements that were made by the 
creators were automatically included in the students’ new lessons. A potential limitation 
of internet-based technology is the reliance of a dependable and fast Internet connection. 
Headsprout developed a “Headsprout Bandwidth Optimizer (HBO)” to minimize the 
effects of a slow Internet connection. The HBO is $350.00 and was purchased for the 
school that implemented the Headsprout CAI. The HBO allows the school’s computer 
system to efficiently run up to 50 students at a time on the Headsprout program without 
delay. 
Lexia 
Lexia (Lexia Learning Based System, 1997) was the CAI program used by the 
students in the comparison school, School B. The program was only used once a week 
during the students’ computer laboratory time, as opposed to the students in school A 
who used the Headsprout program in both the laboratory and classroom. The Lexia 
program is designed to provide intensive, structured and systematic practice in learning 
and applying decoding strategies to improve word recognition skills. Lexia activities 
teach: beginning and ending sounds, syllables and segmenting, sight words, decoding 
skills, vocabulary and comprehension skills. The activities make use of visual graphics 
and are interactive, often requiring timed responses followed by immediate feedback. 
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Students are able to improve their time through repetition of the same activity. Parts of 
the Lexia program are self-paced and the activities branch automatically depending on 
student performance. This allows the program to review concepts when necessary, and 
move to more advanced items after easier concepts have been mastered. 
Dependent Variables 
Dependent variables for this study included the phonemic segmentation and 
nonsense word fluency measures of the Dynamic Indicators of Basic Early Literacy Skills 
(DIBELS; Good and Kaminski, 1996) and the sound matching measure of the Group 
Reading Assessment and Diagnostic Evaluation (GRADE; Williams, 2001). These 
measures are described below. 
Dynamic Indicators of Basic Early Literacy Skills (DIBELS) 
All Kindergarten students in the schools were administered the DIBELS (Good 
and Kaminski, 1996) in September, January, and June. The procedures of the DIBELS 
are based on research and development of Curriculum Based Measurement (Shinn, 
1989). This method of assessment involves the use of repeated, brief measurements that 
monitor the student’s academic progress over time by assessing skills that predict oral 
reading fluency. Curriculum based measurement can help educators make decisions 
about which children are in need of intervention, and whether interventions are successful 
or need to be modified. All Kindergarten students in the district were administered: Initial 
Sound and Letter Naming Fluency subtests in the fall, Initial Sound, Letter Naming, 
Phoneme Segmentation, and Nonsense Word Fluency subtests in the winter, and Letter 
Naming, Phoneme Segmentation, and Nonsense Word Fluency subtests in the spring. 
Students who did not meet the grade-level benchmark of at least one subtest were placed 
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in an intensive or strategic reading group, and their progress was monitored frequently. 
For the present study, the difference from the January and June scores were calculated to 
determine the change scores for the phoneme segmentation and nonsense word fluency 
outcome measures. 
Phoneme Segmentation Fluency (PSF). The PSF measure assesses a student's 
ability to segment three- and four-phoneme words into their individual phonemes 
fluently. The PSF measure has been found to be a good predictor of later reading 
achievement (Good & Kaminski, 1996). The PSF task requires the student to break words 
into their individual sounds or phonemes. For example, if the examiner says, "mop," the 
student would say "/m/ /o/ /p/" to receive the three possible points for the word. The 
number of correct phonemes produced per minute determines the final score. The 
reliability for one probe is .88. Concurrent criterion validity with the Woodcock-Johnson 
Psycho- Educational Battery Readiness Cluster score is .54 in the spring of kindergarten 
and .69 in the spring of first grade (Good, Kaminski, Shinn, Bratten, & Laimon, 2001). 
Nonsense Word Fluency (NWF). The NWF measure tests letter-sound 
correspondence and the ability to blend letters into words in which letters represent their 
most common sounds (Kaminski & Good, 1996). The student is given a sheet of paper 
with randomly ordered vowel-consonant and consonant-vowel-consonant words (e.g., 
nig, vup, uf) and asked to read the words or say each individual sound. The final score is 
the number of letter-sounds produced correctly per minute. Because the measure is 
fluency based, students receive a higher score if they are phonologically recoding the 
word and receive a lower score if they are providing letter sounds in isolation. The one- 
month alternate form reliability of the NWF measure is .83 in the winter of first grade 
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(Good et al, in preparation). The concurrent criterion validity with the Woodcock- 
Johnson Psycho-Educational Battery-Revised Readiness Cluster score is .36 in January 
and .59 in February of first grade (Good et al., 2001). 
Group Reading Assessment and Diagnostic Evaluation (GRADE). 
The Group Reading Assessment and Diagnostic Evaluation (GRADE; Williams, 
2001) is a norm-referenced, research-based reading assessment. The GRADE is 
composed of a series of group and individually administered literacy tests designed to 
assess the pre-reading and reading skills for pre-kindergarten through postsecondary 
students. Each subtest is designed to measure skills that are developmentally appropriate 
for students at that level. Each level contains two equivalent forms to facilitate progress 
monitoring from fall to spring of each academic year. The GRADE was administered to 
all Kindergarten students in the district in September and June. 
Sound Matching. The sound matching subtest of the GRADE measures the child’s 
ability to hear like sounds at either the beginning or end of a word. This subtest is 
designed to measure phonological awareness by sound discrimination and sound 
matching (Williams, 2001). For each test item, the student is presented with four pictures 
representing three distracter words and the target word. The teacher names the four 
pictures and then says a stimulus word. In the first section, the students are instructed to 
mark the picture that has the same beginning sound as the stimulus word. For the second 
section, the instructions are to mark the picture that corresponds with the ending sound of 
the stimulus word. The reliability coefficients for the total score are .90 or greater, and 
coefficients for alternate forms reliability range from .81 to .94 (Williams, 2001). 
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Teacher Satisfaction Survey 
Teachers in school A completed a survey, developed specifically for use in this 
study, focusing on their level of satisfaction with the Headsprout program. Survey 
questions focused on the ease of delivering the CAI intervention, how well they felt the 
program aligned with their reading curriculum, as well if they would use the Headsprout 




In this chapter, the data informing each research question are presented. 
Qualitative results also are presented for the fourth research question pertaining to the 
social validity of the intervention. 
Data Screening 
Prior to data analysis, change scores on Phoneme Segmentation Fluency (PSF), 
Nonsense Word Fluency (NWF) and Sound Matching (SM) posttest scores were 
examined through the Statistical Package for the Social Sciences (SPSS; SPSS Inc, 2001) 
program for missing values, assumptions of normality of sampling distributions, and 
homogeneity of variance. In addition, a multivariate outlier search was conducted, which 
found no outliers at the .001 level (Tabachnick & Fidell, 2001). Assumptions of 
normality of sampling distributions and homogeneity of variance were satisfactory for the 
NWF and PSF change scores. Results of the evaluation of assumptions of normality of 
sampling distributions indicated non-normal distributions of the Sound Matching 
dependent variable. Therefore, non-parametric tests were used to analyze the Sound 
Matching posttest scores. 
Intervention Effects Across Instructional Group and Risk Status 
One research question in this study focuses on understanding the interaction effect 
between the type of computerized instruction and the risk status of the participants. That 
is, this question asks whether differences in responsiveness to instruction type are 
moderated as a function of risk status. For example, when comparing across children at- 
risk for reading problems, did those students receiving the Headsprout program perform 
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significantly better on the NWF variable than those students receiving the Lexia 
program? Table 3 presents the means and standard deviations of NWF by instructional 
group and risk status. 
Table 3 
Means and Standard Deviations of NWF by Instructional Group and Risk Status 
Lexia Headsvrout 
Risk Status N Pre Post Change 
(SD) 
N Pre Post Change 
(SD) 
Typical 16 24.81 35.44 10.63 
(7.56) 
18 38.67 52.89 14.22 
(11.59) 
At-Risk Reading 11 11 22.55 11.55 
(8.34) 
9 17.78 35.56 17.78 
(7.61) 
At-Risk Behavior 8 25.13 31.5 6.38 
(11.76) 
8 28.63 53.38 24.75 
(8.23) 
Combined Risk 7 8.29 18.29 10.00 
(9.91) 
9 17.89 35.67 17.78 
(10.54) 
In answering this research question, separate means plots were first constructed 
for the three dependent variables by the risk status of the participants. The means plots 
facilitate an analysis and understanding of potential interaction effects between the risk 
status groups and the dependent variables. Following is an example of the manner in 
which means plots are constructed. On the x-axis, students’ risk statuses are presented. 
On the y-axis, the mean change scores of the NWF and PSF variable are plotted for 
Figures 2 and 3. In Figure 4, the posttest scores of the Sound Matching variable are 
included on the y-axis. Figure 2 contains the means plots for NWF by risk status group. 
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Figure 2. Means Plot for NWF 
The data in this figure provide visual clarification of a consistent pattern of 
relationships wherein the Hecidsprout group always outperforms the Lexia group. To test 
for a potential interaction effect, a 2-way Analysis of Variance (ANOVA) was conducted 
on the Hecidsprout and Lexia NWF change scores for the at-risk behavior groups. The 
findings from this ANOVA are displayed in Table 4. The results indicate no interaction 
effects for the NWF variable, F(3, 86) = 2.19, p >.05. 
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Table 4 
ANOVA for NWFa for Instructional Group X Risk Status 
F p-value Observed power 
Between subjects 
Instructional Group 
x Risk Status 3 2.19 .10 .54 
“NWF represents change scores for the Nonsense Word Fluency variable. 
Table 5 contains the means and standard deviations of PSF by CAI group and risk 
status. 
Table 5 
Means and Standard Deviations of PSF by CAI Group and Risk Status 
Lexia He ads vr out 
Risk Status N Pre Post Change 
(SD) 
N Pre Post Change 
fSDl 
Typical 16 36.88 52.25 15.41 
(8.76) 
18 39.61 55.94 16.33 
(13.90) 
At-Risk Reading 11 14.54 39.82 25.27 
(13.62) 
9 20.67 57.33 36.67 
(12.71) 
At-Risk Behavior 8 37 47.5 10.51 
(9.73) 
8 40.5 54.75 14.25 
(8.81) 
Combined Risk 7 22.57 37.57 15 
(13.6) 
9 27.33 51.78 24.44 
(15.93) 
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Figure 3 presents the means plot for PSF. 
Figure 3. Means Plot for PSF 
The data in Figure 3 provide visual clarification of the numerical data presented in 
Table 5. That is, there is a consistent pattern of relationships wherein the Headsprout 
group always outperforms the Lexia group. The means plots for both the NWF and PSF 
variables indicate superior performance for the children who received the Headsprout 
instruction over those who received the Lexia instruction across all risk status groups. 
These results from the ANOVA depicted in Table 6 indicate there is no interaction effect 
between instructional group and risk status on the PSF change score, due to the finding 
that p > .05. That is, students’ PSF change scores did not differ significantly across CAI 
group and risk status group. 
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Table 6 
ANOVA for PSFa for Instructional Group X Risk Status 
df F p-value Observed power 
Between subjects 
Instruction Group 
x Risk Status 3 .92 .44 .24 
aPSF represents change scores for the Phoneme Segmentation Fluency variable. 
Figure 4 presents the means plot for Sound Matching. 
Figure 4. Means Plot for Sound Matching 
The Mann-Whitney U test was used to explore all six tetrad contrasts between 
instructional group and risk status for the Sound Matching posttest scores. All of the 
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comparisons exhibited p-values greater than .05, indicating no interaction effects for the 
Sound Matching variable. 
Intervention Effects Across Instructional Groups 
A primary consideration of the present research is whether the two types of 
computer instruction programs produced differential effects. As such, the first research 
question of this study compares the effectiveness of the different CAI programs with each 
other for all Kindergarten students in the two CAI groups. This research question asks: 
are there significant differences on the change scores on NWF, PSF, and Sound Matching 
posttest scores between general Kindergarten students who received Headsprout as 
opposed to those who received Lexia, as supplements to the Scott Foresman curriculum? 
Table 7 depicts the descriptive statistics of the dependent variables by treatment group. 
Table 8 presents the ANOVA results for the NWF and PSF dependent variables. 
Table 7 
Means and Standard Deviations of Dependent Variables by Treatment Group 
Lexia (n = 42) Headsvrout (n = 44) 
Pre Post Change (SD) Pre Post Change (SD) 
NWF 18.5 28.45 9.95 (8.90) 28.32 45.91 17.59 (10.48) 
PSF 28.67 46 17.33 (11.95) 33.39 55.16 21.77 (15.48) 
SMa 9.19 (3.37) 10.13 (1.87) 
a SM represents posttest scores. 
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Table 8 
ANOVA for PSFa and NWFa for Instructional Groups 
df F p-value h2 Observed power 
Between subjects 
NWFa 1 16.97 .00 .18 .98 
PSFa 1 5.19 .03 .06 .61 
aPSF represents change scores for the Phoneme Segmentation Fluency variable. NWF represents 
change scores for Nonsense Word Fluency variable. 
For each of the three dependent variables, the Headsprout group outperformed the 
Lexia group. The independent variable was the computer-assisted reading instruction 
program, either Headsprout or Lexia. The ANOVA yielded statistically significant effects 
for the Headsprout group on NWF, F(l, 86) = 16.97, p < .05. In addition, the ANOVA 
also showed significant main effects for the Headsprout group on PSF, F (1, 86) = 5.19, p 
< .05. Therefore, the data yielded significant differences on both the NWF and PSF 
variables in favor of the Headsprout treatment group. 
Effect size measurements provide information about the relative magnitude of the 
experimental treatment. Effect sizes are particularly useful as they allow for comparisons 
between the magnitudes of experimental treatments from one experiment to another. The 
effect size for NWF was large, if =. 18. That is, when comparing the Headsprout 
intervention to others, its effect on the NWF change score variable was large. In 
comparison, the effect size for PSF was small, rj =.06. 
The nonparametric Mann-Whitney U test (Kuzma, 1992) was utilized to test the 
hypothesis that Sound Matching posttest scores differed between the two CAI groups. 
Within each group (i.e., Headsprout or Lexia), the participants scores were soited in 
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order from lowest to highest and then ranked accordingly. The Mann-Whitney U Test 
was then conducted to compare the mean rank in the Headsprout group with that of the 
Lexia group. The Mann-Whitney U test found no statistically significant difference 
between the two CAI groups on the Sound Matching dependent variable (p =.66). 
In summary, at a descriptive level, children in the Headsprout group 
outperformed those in the Lexia group on all outcome measures. However, statistically 
significant results were found only for the NWF and PSF change scores. Relative to the 
research hypothesis, the results present a mixed picture. That is, the significant 
differences of the NWF and PSF change scores support the stated hypothesis: 
Kindergarten students who received Headsprout as a supplemental intervention 
outperformed those who received the Lexia intervention. In contrast, for the other 
outcome measure, Sound Matching posttest scores, no significant differences were found. 
In summary, then, there is some evidence to support the conclusion that the Headsprout 
intervention is more effective for Kindergarten students than the Lexia intervention when 
used as a supplement to the Scott Foresman curriculum. 
Intervention Effects Across Risk Status 
The second research question of this project asked whether there were significant 
differences on the change scores on PSF, NWF and/or Sound Matching as a function of 
risk status. Table 9 describes the means and standard deviations of the normally 
distributed dependent variables, PSF and NWF, by risk status. 
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Table 9 
Means and Standard Deviations of PSF and NWF by Overall Risk Status 
NWF PSF 
Risk Status N Pre Post Change 
ISD) 
Pre Post Change 
(SD'j 
Typical 34 32.14 44.67 12.53 
(9.92) 
38.33 54.21 15.88 
(11.59) 
At-Risk Reading 20 14.05 28.4 14.35 
(8.43) 
17.3 47.7 30.4 
(14.1) 
At-Risk Behavior 16 26.88 42.44 15.56 
(13.64) 
38.75 52.13 13.38 
(9.16) 
Combined Risk 16 13.69 28.06 14.38 
(10.7) 
25.25 45.46 20.31 
(15.24) 
The results from the ANOVA for the dependent variables by overall risk status are 
presented in Table 10. 
Table 10 
ANOVA for NWFa and PSFa by Overall Risk Status 
df F h2 p-value Observed power 
Between subjects 
NWFa 3 .46 .02 .71 .61 
PSFa 3 8.45 .25 .00 .58 
aNWF represents change scores for the Nonsense Word Fluency variable. Phoneme Segmentation 
Fluency represents change scores for the Phoneme Segmentation Fluency variable. 
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Statistically significant results were not found between the risk status groups on the NWF 
variable F (3, 86) = .46, p >.05. That is, the change scores on the NWF task did not differ 
significantly between the four diverse risk status groups. For the PSF variable, on the 
other hand, the one-way ANOVA yielded statistically significant results between the risk 
status groups, with F (3, 86) = 8.45, p < .05. This finding indicates that there most likely 
is a significant difference between at least two of the risk status groups on the PSF 
outcome variable. In order to identify which risk status groups significantly differ from 
one another, a pairwise comparison is conducted between the groups’ means. The Scheffe 
procedure was utilized in order to conduct pairwise multiple comparisons to test the 
difference between each pair of means. Statistically different means were identified for: 
typical students versus students at-risk for reading problems (p < .05), and students at- 
risk for reading problems versus students at-risk for behavior problems (p < .05). These 
findings suggest that students at-risk for reading problems significantly outperformed 
typical students as well as those at-risk for reading problems on their improved scores on 
the PSF task. All other pairwise comparisons were not statistically different, therefore it 
can be implied that there are no significant differences between the other dyads of risk 
status groups. 
In order to analyze the Sound Matching posttest scores between risk statuses, the 
Kruskal-Wallis test was used. The Kruskal-Willis is a nonparametric assessment which 
tests for equality of populations. This analysis revealed results that were not statistically 
significant with a Chi Squared of 1.73, and a p value of .63. 
These results refute the hypothesis that there are statistically significant findings 
between the risk status groups on the NWF and Sound Matching variables. The finding of 
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p < .05 for the PSF change score variable supports the hypothesis that there are 
statistically significant differences between the risk status groups on the PSF variable. 
The effect size, r| — .25, indicates that there is large effect size for the phoneme 
segmentation dependent variable. The effect size of the Headsprout intervention of, rj = 
.25, provides evidence that the intervention had a considerable effect for the PSF change 
score variable. 
Social Validity 
The fourth research question addressed the social validity of the intervention, and 
asked the teachers who used the Headsprout program to rate the acceptability of this 
program. The four teachers who implemented the CAI program in their classrooms were 
provided with a Teacher Satisfaction Survey at the completion of the study. Three of the 
four teachers returned the survey to the experimenter. Multiple attempts were made to 
retrieve the survey from the fourth teacher, however these attempts were unsuccessful. 
The Teacher Satisfaction Survey consisted of 11 questions and the teachers were 
asked to respond to six questions that contained a 5-point Likert-type scale and five 
questions that were open-ended. The Likert scale consisted of the options: Strongly 
Agree, Agree, Neutral, Disagree, and Strongly Disagree. 
The questions contained in the Teacher Satisfaction Survey focused on the ease of 
delivering the CAI intervention, how well they felt the program aligned with their reading 
curriculum, as well if they would use the Headsprout program in subsequent years. Two 
of the teachers “strongly agreed” and one teacher “agreed” with the first question of the 
survey, “My students enjoyed using the Headsprout program”. The second question 
stated, “I am satisfied with the results of the Headsprout program”. All three teachers 
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“agreed” with this statement. The next two questions pertained to the topic of how well 
the students early literacy skills improved as a result of the Headsprout program, and 
how well the program aligned with the Scott Foresman reading curriculum. All three 
teachers rated these two items with a “neutral ’ response. There was an array of answers 
from the fifth question, “The Headsprout program was easy to implement into the 
students” reading block”. One teacher “disagreed”, one “strongly agreed”, and the third 
teacher was “neutral” about this statement. The final closed-ended question asked 
whether the teachers would recommend using the Headsprout program for Kindergarten 
students in subsequent years. Two of the teachers “strongly agreed” that they would 
recommend the program, while the third teacher rated this statement with a “neutral” 
response. Overall, the teachers responded positively to the closed-ended questions of the 
Teacher Satisfaction Survey. 
On the open-ended questions, the teachers responded that the students liked 
working towards the goal of receiving books at the end of designated lessons. They also 
noted that the children enjoyed the interactive nature of the program and the colorful 
graphics. The aspects of the Headsprout program that was most problematic for the 
teachers were the technical difficulties encountered due to issues with Internet 
connections. In addition, one teacher wrote that the program should have been more 
appropriately leveled so that her upper-level students would have been more challenged. 
In regards to a question about whether the teachers felt that the benchmark level children 
benefited from the program, all of the teachers replied ‘yes’ and elaborated that the 
program helped to re-teach skills and provide advancement beyond classroom goals. 
When asked if the children in the strategic and intensive leveled reading groups benefited 
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from the program, the teachers responded positively and added that the repetition 
provided necessary extra practice for this population of students. 
One teacher noted that the program was too difficult for some of her students who 
struggled with computer skills. The final question asked, “What would you change about 
the Headsprout program or about the way in which the study was conducted?” Two of 
the teachers indicated that they were very satisfied with both the program and the way in 
which the study was conducted. The third teacher commented about the need for the 
Headsprout program to be leveled to a child’s current reading ability, and that children 
who struggle with computer skills should not have had to use the program. The additional 
comments from the teachers pertained to how much the children enjoyed using the 
Headsprout program, and added that many of their students had arranged to continue 
using the program over the summer. 
In summary, these data could be helpful in informing future CAI research in the 
schools. Overall, the responding teachers regarded the Headsprout program positively 
and were able to infuse its use into their daily classroom routines. There was a request for 
a greater ability for the program to differentiate by ability levels. In addition, pre¬ 
requisite computer skills were noted as a skill required to succeed with computerized 
instruction. Finally, while the survey results are positively skewed, the fourth 
participating teacher in the Headsprout group frequently expressed her disapproval of 
using computers to provide instruction to children. Despite efforts to gain insight and 




The results of the present study are promising regarding the effectiveness of 
computer-assisted instruction for Kindergarten students, and add to existing literature 
documenting the potential value of using CAI as a supplement to teacher-directed reading 
instruction. On a descriptive level, the group receiving the Headsprout instruction 
outperformed the Lexia group on all outcome measures. While it was hypothesized that 
there would be significant differences on all three dependent variables in favor of the 
Headsprout group, statistically significant differences were found for two of the outcome 
measures: nonsense word fluency (NWF) change scores and phoneme segmentation 
fluency (PSF) change scores. Overall, the descriptive and statistical results suggest that 
the students in the Headsprout group received instruction that put them at a greater 
advantage to achieve important early literacy skills, as compared to the Lexia group. 
This study also investigated the relative effectiveness of the two different CAI 
programs for students of differing risk status. The research hypothesis was that the 
students determined to be at-risk for reading problems, behavior problems, and combined 
reading and behavior problems that used the Headsprout program would significantly 
outperform the students in their respective risk status group who received the Lexia 
instruction on all outcome measures. The results here refuted this hypothesis, as no 
interaction effects were found for any of the dependent variables. In general, all risk 
status groups receiving the Headsprout program performed better on the early literacy 
skill measures than those risk status groups receiving the Lexia CAI instruction. For 
example, the Headsprout at-risk behavior students outperformed the Lexia at-risk 
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behavior students on both the PSF and NWF measures. In addition, the students in the 
Headsprout group deemed at-risk for both behavior and reading problems outperformed 
the students doubly at-risk from the Lexia group on both the PSF and NWF variables. 
The positive results for the children receiving the CAI program, Headsprout, add 
to the growing literature on the topic of the effectiveness of computerized reading 
programs. The findings from the present study contain similarities and differences from 
those conducted previously in the area of computer-assisted reading interventions. 
Results of the Present Study Compared to Previous Research in this Area 
The research conducted on CAI reading programs have utilized several different 
design components and methods of participant selection. Clarfield & Stoner (2005) 
conducted one of the first published studies using the Headsprout program as a 
supplementary reading program. In that study, positive effects were documented for the 
CAI with children diagnosed with ADHD and at-risk for reading problems, in a similar 
manner to the effects found in the present study. The method of delivery of the CAI 
program in the Clarfield and Stoner study was much more controlled, as the researchers 
utilized a much more controlled methodology (e.g., the students were accompanied to a 
computer laboratory with an assistant). However, the sample size was significantly 
smaller as only three students participated in the study. In comparison, the present work 
integrated CAI into the daily reading instruction routines of typically classroom teachers 
and students, thereby contributing to improved generalizability of the research results. 
Given its design features and the location of the intervention outside the classroom, the 
Clarfield and Stoner study had limited generalizability as to the effectiveness of the 
Headsprout program within the confines of a typical classroom routine. 
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In a study with pre-school students, Lonigan, Driscoll, Phillips, Cantor, Anthony, 
& Goldstein (2003) compared the effectiveness of the Daisyquest (Erickson, Foster, 
Foster, Torgesen, & Packer, 1992) program versus the typical Head Start preschool 
curriculum. The Head Start curriculum typically does not emphasize the teaching of 
phonological sensitivity skills, which is one of the primary skills emphasized by the 
Daisyquest program. In essence, the Daisyquest CAI was used as a stand-alone 
intervention for teaching phonological sensitivity skills without supplementary teacher- 
directed activities in the Lonigan et al. study. The findings from this study revealed that 
the participants who received the CAI made significantly greater gains on rhyming and 
phoneme/elision tasks as compared to those in the control group. It is interesting to 
discover that a stand-alone CAI has the potential to produce significant differences in the 
teaching of important early literacy skills for pre-school students. In contrast, the present 
study used the CAI programs in tandem with a research-based reading curriculum in 
Kindergarten, with a focus on early literacy and early reading skills. Together, these 
studies demonstrate that CAI can be used effectively both in conjunction with teacher 
directed instruction, or as a stand-alone method of early literacy instruction. It may be 
appealing for future researchers to explore the possibility of using computers to introduce 
pre-literacy skills in pre-schools. 
In the largest study of those discussed in the literature review, Wise, Ring, & 
Olson (2000) recruited 200 low-performing reading students to serve as participants. The 
authors separated the children into two groups; one receiving phonological analysis 
instruction and the other receiving instruction in the area of reading comprehension. As 
opposed to other studies where only one group received an intervention, Wise et al. 
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(2000), utilized a comparison approach whereby both groups received equivalent well- 
structured treatments. The results from this study yielded significantly higher scores for 
the students receiving the phonological analysis instruction over those receiving the 
reading comprehension treatment. These methods and results are similar to the present 
study in which the students in the Headsprout and Lexia groups both made literacy gains, 
as the students in each group of the Wise et al. (2000) study evidenced improvement in 
phonological decoding and word reading. These comparisons with previous CAI research 
suggest the current work contributes to the extant literature, by extending our 
understanding of how CAI may be used in conjunction with teacher led instruction, in 
typical classrooms. In addition, the results add further evidence to support the efficacy of 
the Headsprout program specifically. 
While there is increasing research in the area of CAI and reading instruction, there 
are a number of limitations in the current literature overall. One such limitation is most of 
the studies have been conducted in a laboratory setting, where there is a lack of external 
validity concerning the generalizability of the experiment. While these studies allow for 
strict control over the delivery of the CAI, the ability to assess whether the effectiveness 
of the intervention could be replicated in another setting is difficult. The literature review 
contained in the second chapter of this dissertation revealed that of the 19 reviewed 
studies; only three took place in the students’ naturalistic setting. The present study 
attempted to address this limitation through the use of delivering the intervention within 
the naturalistic classroom setting. 
One of the largest flaws within this area of research is the lack of inclusion of 
adequate control or comparison groups. It has become common for researchers to 
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conduct experiments in which students with reading difficulties receiving specialized 
interventions are compared to children receiving unspecified “regular” intervention. 
These studies are difficult to interpret and generalize due to the fact that children 
receiving a focused intervention almost always outperform those in an untreated 
condition. There have been a handful of studies that have compared equally intensive 
computerized reading training conditions for children with reading difficulties, while 
systematically varying the proportion of direct instruction (Wise & Olson, 1995; Olson, 
Wise, Ring & Johnson, 1997). The present study attempts to address this limitation 
through the inclusion of a comparison group that received a supplementary computer- 
assisted program, while also receiving the equivalent reading curriculum as the 
experimental group. 
Finally, the present work complements many of the previous CAI studies that 
focused on the acquisition of a single reading skill or the attainment of a small number of 
words or sounds. That is, only seven of the 19 reviewed studies used dependent variables 
that measured the composite skill of reading. The remaining thirteen studies measured 
individual phonological awareness or vocabulary skills, many of which were not reliable 
instruments to measure change in performance. The present study addressed this 
limitation in the literature through the use of multiple, reliable, and valid dependent 
variables that measure several of the component skills of reading. 
The Sound Matching Dependent Variable 
An explanation is necessary to clarify the rationale for separating the Sound 
Matching posttest score analysis from the other dependent variables. It is more 
appropriate to discuss the findings on this variable separately, as opposed to integrating 
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them with the other dependent variables, due to the fact that this variable did not conform 
to the assumptions of normal distribution. The other two dependent variables, PSF and 
NWF, were normally distributed. 
The Sound Matching subtest measures the child’s ability to hear similar sounds at 
either the beginning or end of a word. This subtest is designed to measure phonological 
awareness by sound discrimination and sound matching (Williams, 2001). The range in 
scores on the Sound Matching subtest is from one to twelve, with 12 representing the 
highest attainable score. The posttest score resulted in a variable that had a clear ceiling 
effect. It can be hypothesized that the Scott Foresman reading curriculum (McFall, 2004) 
taught this concept to a satisfactory level, as students from both the comparison and 
experimental groups demonstrated proficient skills on the Sound Matching subtest of the 
GRADE. Sixty-three percent of the total students achieved a score of 10 or higher on this 
subtest. Because of this ceiling effect, the data was skewed and did not meet the 
assumptions of normal distribution. While nonparametric tests were used in order to 
analyze the data, it is not surprising that statistically significant effects were not found for 
any of the research questions pertaining to the Sound Matching dependent variable. This 
is due to the fact that the majority of the students from all groups displayed mastery of 
this skill. 
In summary, the nonparametric tests used to analyze the Sound Matching posttest 
variable yielded no main effects between the Headsprout and Lexia group. The Mann- 
Whitney U test was utilized to analyze the potential interaction and intervention effects 
across instructional groups. The Kruskal-Wallis test was used to assess the intervention 
effects across risk status. If there had been significant findings for this variable, it would 
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not have been educationally significant as the majority of the students achieved scores in 
the mastery range of the test. Unfortunately, this variable was unable to provide data 
showing true differences between any of the groups analyzed for this study. 
Intervention Effects Across Instructional Groups and Risk Status 
A major research question of this project looked at whether responsiveness to 
instruction was different based on the risk status of the students for the dependent 
variables. Means plots were constructed to visually analyze the data and Analysis of 
Variances (ANOVA’s) were conducted to statistically test for interaction effects for the 
normally distributed variables, NWF and PSF change scores. For both of these variables, 
no interaction effects were found. This was unexpected, as it was hypothesized that there 
would be an interaction effect. Specifically, it was hypothesized that children at-risk for 
reading problems, and those at-risk for both reading and behavior problems who received 
the Headsprout intervention would show significant differences on the dependent 
variables over those in the Lexia group. While the scores of the Headsprout group for all 
four risk status groups were greater than that of the Lexia group, statistical significance 
was not found. While not statistically significant, there were large mean differences 
between the two CAI groups, particularly for the group at-risk for behavior problems. 
This provides further evidence that students at-risk for behavior problems can benefit 
from a well-designed, sequential, and highly engaging computer-assisted reading 
program. 
In the context of implementing computerized interventions in the classroom 
setting, it is important to recognize that teachers are not the only means of delivering 
interventions to students. The acknowledgment that interventions for students at-risk for 
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behavior problems, such as ADHD, can and should be mediated by a variety of delivery 
methods is an important contemporary intervention design issue. DuPaul & Stoner (2003) 
recognized that effective strategies can be implemented by teachers, parents, peers, and 
computers. The present study provides further evidence that computers can be effective 
academic delivery tools for students at-risk for behavior problems. 
When discussing the lack of significant findings between the groups from this 
particular research question, careful consideration should be taken regarding the 
extremely small sample sizes used for these categories. For example, there were only 
eight students in the Headsprout group, and nine students in the Lexia group deemed 
doubly at-risk for reading and behavior problems. There were similarly small numbers of 
participants in the at-risk for reading problems subgroups. Such a small sample size has a 
particularly low probability for revealing statistically significant effects. Future studies 
should use larger sample sizes in all risk status categories to enable more accurate 
analyses to be conducted. 
An unexpected and positive finding of this study was that typically developing 
students in the Headsprout group achieved higher, yet not statistically significant, scores 
on the NWF and PSF variables than the typically developing students in the Lexia group. 
Several of the teachers who implemented the Headsprout intervention expressed concern 
at the onset of the study that their average and above average readers would not benefit 
from a program targeting the foundations of reading. They were apprehensive about the 
capabilities of the Headsprout program to truly adapt to the individual learning needs and 
appropriate instructional pace of the student. While the findings were not significant, the 
higher mean scores of those typically developing students in the Headsprout group 
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provide evidence of the benefits of a well-designed reading computerized intervention for 
all students, not just those with learning or behavioral difficulties. 
Intervention Effects Across Instructional Groups 
Positive results were obtained as to whether there were significant differences in 
outcomes between the Headsprout and Lexia instructional groups. As indicated by the 
ANOVA results, there was a significant effect for the NWF and PSF change score 
variables between the students who received the Headsprout intervention and those who 
received the Lexia intervention. That is, the Headsprout group received instruction that 
put them at a greater advantage to achieve the early literacy skills required for the NWF 
and PSF tasks. These skills include letter-sound correspondence, the ability to blend 
letters into words, and segment sounds into individual phonemes. The Headsprout 
program has more of a structured, phonics-based approach than does the Lexia program; 
therefore this finding could be interpreted as another piece of evidence towards the 
benefits of a structured, phonics-based approach to reading. The Headsprout program 
also includes a greater amount of review and repetition of previously taught skills. The 
program follows a more pre-determined sequential path than does the Lexia program 
within which the students may select the skill on which they would like to work. Another 
potential explanation for this finding is based on the fact that the Headsprout group 
received more overall individualized computer time. While the Headsprout group 
received the CAI during their weekly computer laboratory sessions in addition to one to 
two times a week in the classroom, the Lexia group only received the CAI during their 
weekly laboratory sessions. Therefore, it is possible that the higher performance of the 
Headsprout group on the NWF and PSF task is based on the students’ greater access to 
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computerized instruction instead of simply an advantage of the Headsprout program over 
the Lexia program. 
Intervention Effects Across Risk Status 
In contrast to the effects for CAI program, the effects found across risk-status 
were varied. That is, significance was found between the risk groups for the PSF variable, 
but not for the NWF variable. The ANOVA yielded significant effects between the risk 
status groups on the PSF variable, with a large effect size. Pairwise multiple comparisons 
were conducted to test the difference between the means of each of the risk status groups. 
Significant effects were identified for typical students versus students at-risk for reading 
problems, and students at-risk for reading problems versus students at-risk for behavior 
problems in favor of the group receiving the Headsprout CAI. It is not a surprising 
finding that typical students outperformed those at-risk for reading or behavior 
difficulties, as these are children with fewer obstacles to overcome in order to be benefit 
from instruction. The discovery that students at-risk for reading problems significantly 
outperformed those at-risk for behavior problems is most likely affected by regression to 
the mean. Due to the fact that students at-risk for reading problems had the lowest pre¬ 
test scores, their scores were more likely to approach the mean scores than the other 
groups. The lack of significance between the other risk status groups may have been due 
to the small number of participants in the study and the subsequent lack of statistical 
power for identifying main effects. 
Post-Hoc Cost/Benefit Analysis 
A post hoc cost benefit analysis of the Headsprout intervention also was 
conducted. Appendix C contains a figure depicting a visual analysis of the relative 
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effectiveness of each lesson of the Headsprout program. The results from plotting the 
dependent variable scores correlated with the number of lessons completed were 
surprising. It appears that there is a lack of a correlation between the number of lessons 
completed and the improvement in early literacy skills. What needs to be taken into 
consideration when analyzing these results, however, is the fact that the Headsprout 
program adjusts to the individual learning needs of the child. Lesson 30 in the 
Headsprout program for a student with strong reading skills may be quite different from 
lesson 30 for a student struggling with phonological awareness. While the program 
introduces different skills at the same point for all students, it quickly adapts and brings 
the student to a level where they can achieve at least 90% success in each lesson. 
Therefore, this analysis may not have been the most ideal method for determining the 
cumulative effectiveness of the Headsprout program. It is possible that the effectiveness 
of the individual lessons of the Headsprout program is extremely difficult to assess due to 
the fact that the lessons are different for each student. A more appropriate way to analyze 
these data may have been to use the amount of time spent working with the Headsprout 
program, instead of the number of lessons completed. 
Social Validity 
The results from the Teacher Satisfaction Survey revealed the teachers were 
generally pleased with the Headsprout program and the manner in which the study was 
conducted. The teachers all indicated they were satisfied with the results of the program 
and that their students enjoyed it. Technical difficulties were discussed by all of the 
teachers as an impediment to the delivery and effectiveness of the CAI. One of the three 
teachers included negative comments about the Headsprout program, as she felt it did not 
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provide enough challenging activities for her higher achieving students. The other two 
responding teachers strongly agreed to recommending using the Headsprout program 
in subsequent years and commented about it’s benefits for the entire range of students in 
their classrooms. The teacher who did not return the survey expressed several issues 
verbally about her concerns with the Headsprout program and computerized programs in 
general; however she declined to complete the survey. 
Limitations 
Although this study incorporated a strong research design and showed some 
positive results, there are several limitations that should be taken into consideration when 
interpreting the results. These limitations include: (a) a small sample size, (b) lack of 
random assignment to treatment groups, (c) homogeneity of sample, (d) ceiling effect for 
Sound Matching variable, and (e) lack of consistent implementation of CAI due to 
Internet issues and teacher compliance. 
This study had a relatively small sample size, with 44 students in the experimental 
(Headsprout) group and 42 students in the comparison (.Lexia) group. When dividing the 
participants into their different risk status groups within their treatment group, the sample 
sizes became extremely small with some groups only having eight members. It is quite 
possible that the small sample size limited the power of the study to find statistically 
significant results. The lack of statistical findings on some of the dependent variables 
may have been the result of the extremely small sample size. The small sample size also 
potentially limits the external validity, and thereby the generalizability of the results. 
Due to the fact that the study was conducted in the naturalistic classroom 
environment, it was not possible to randomly assign participants to the different treatment 
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groups. Students were assigned to treatment groups based on the school they were 
enrolled. It is possible that the reading instruction in the Headsprout School was superior 
to that ol the Lexia School, and this was the rationale for the significant results as 
opposed to attributing the differences to the CAI. A more controlled study would have 
used a strict random assignment to treatment groups where randomly assigned students 
from both schools received either of the interventions. This would increase the internal 
validity of the study and help to ensure that the groups were as equivalent as possible 
prior to the intervention. 
The third limitation of this study is that the participants were limited to a sample 
of primarily Caucasian students in a rural setting. It is not clear whether children from 
minority groups would be able to benefit from the Headsprout intervention. This may 
affect the study’s generalizability to other settings with a larger population of minority 
and immigrant families. Follow-up studies could investigate the effectiveness of 
computerized reading interventions with a more heterogeneous sample of students. 
Another limitation of this study is that one of the three dependent variables, the 
Sound Matching variable of the GRADE, turned out to be a poor indicator of any 
differences between the groups. The variable had a strong ceiling effect, and therefore 
was not able to provide information to discriminate between reading achievement gains 
of the participants. A dependent variable that has a larger range of possible scores should 
have been utilized instead of the Sound Matching variable that only has a range from one 
to twelve. 
The final, and potentially most significant, limitation to this study was the lack of 
consistent implementation of the Headsprout CAI due to Internet issues and a lack of 
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teacher compliance. The Internet connection in the school using the Headsprout program 
was not operable for approximately three and a half weeks in January; therefore no 
Headsprout instruction was received for practically the entire month of January. Also, the 
Internet connection was not always reliable in two of the classrooms, which caused the 
teachers to not implement the program on a daily basis as projected. In addition, two of 
the teachers did not have their students use the Headsprout program on a consistent basis 
in the classroom. The students in these classrooms used the Headsprout program an 
average of only once a week instead of the anticipated two to three times per week. 
Implications for Educators 
The results from this study lead to several implications for educators. An 
important implication of this study is that computers can be useful and effective tools for 
delivering reading instruction for young children. It is unfortunate that there are many 
teachers who do not either feel comfortable using computer technology or are skeptical 
about its place in education. This study provides evidence that computerized reading 
programs can be used as part of a classroom routine, though the use of a computer 
learning station. 
In addition, this study provides evidence that computerized instruction is an 
effective tool for students experiencing difficulties sitting through typical teacher-led 
instruction. There was a dramatic improvement evidenced by students at-risk for behavior 
problems when receiving the Headsprout program. Previous research has shown 
preliminary evidence of the effectiveness of CAI for students with externalizing behavior 
disorders, such as ADHD (Clarfield & Stoner, 2005). The present research extends the 
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findings of these authors, and includes a larger sample size and longer intervention 
period. 
Future Research 
Several implications for future research emanate from this study. For example, the 
results suggest that CAI holds promise for all students, including those at-risk for reading 
and behavior problems. A next step could be in exploring the most appropriate duration 
of time for at-risk students to be engaged with computerized and teacher-delivered 
instruction. As previous research in this area has utilized a wide range of intervention 
time (from 40 minutes to 36 hours), it will be important for researchers to scientifically 
investigate a reasonable amount of time necessary for students to receive positive results 
from a CAI. This could assist teachers in determining methods to best accommodate their 
at-risk students. 
Also, research is needed using CAI as an intervention tool in a response to 
intervention model. As the identification of learning disabilities is changing from a 
discrepancy model to a response to intervention model, it is becoming increasingly more 
important to provide scientifically based interventions and document the effectiveness of 
the interventions (Fuchs, 2001). It would be beneficial for future researchers to 
systematically implement scientifically based computerized interventions into a response 
to intervention model of learning disability identification. Given that CAI programs often 
document many aspects of the intervention as part of the program, this will enable 
teachers to have a clear picture of the duration of time spent using the intervention as well 
as the skills still needing to be addressed. 
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Conclusions 
The ability to read has become a central issue in education as the country has 
become increasingly more advanced and technology-dependent. The US government has 
emphasized the need for increasing literacy rates among school children by creating 
reading initiatives such as the No Child Left Behind Act (2001). The “No Child Left 
Behind Act" proposes that every child should be able to read by the end of third grade. 
This national goal is one that has caused schools from across the nation to scramble in 
order to find effective academic interventions for their diverse populations of students. 
Educators continue to search for interventions to improve students’ reading skills. 
Computer-assisted instruction represents a promising method which allows children to 
learn through active exploration and interaction without increasing time demands on 
teachers. Advantages to using CAI are numerous and the motivational aspect of CAI for 
low performing readers is well documented in the literature (Barker & Torgesen, 1995; 
Lungberg, 1995). Computerized interventions have the unique advantage of providing 
individualized, highly engaging teaching with frequent opportunities to respond, and high 
rates of success. Many researchers have studied the potential of CAI to provide important 
instructional opportunities for the acquisition of early reading skills. The present study 
supports the previous research demonstrating encouraging evidence in support of the 
effectiveness of computerized reading interventions for young students at-risk for 
learning and behavior problems. 
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APPENDIX A 
FLORIDA CENTER FOR READING RESEARCH3 
Headsprout Early Reading 
What is Headsprout Early Reading? 
Headsprout Early Reading is a supplemental beginning reading program for 
students in Kindergarten through 2nd grade who are not yet reading or who are in the 
beginning stages of the reading process. Designed to teach the foundational skills and 
strategies that are critical in becoming a skilled, fluent reader, this internet-based program 
creatively captures the attention of the young reader through the use of engaging, highly 
interactive activities, and serves as an on-line tutor, providing one-on-one instruction. 
Requirements for this program are any internet-connected PC or Mac computer on 
school-site premises. Schools receive access to Headsprout’s on-line lessons, automated 
classroom and individual student progress reports, a teacher’s guide, phonics-based 
flashcards, and a license to download and print all 70 Headsprout stories and progress 
maps from the Headsprout website. Students always use the latest software since 
upgrades for Headsprout Early Reading are automatic and free. 
Headsprout Early Reading consists of two parts: Headsprout Reading Basics, 
lesson 1-40, and Headsprout Reading Independence, lessons 41-80. Before starting the 
lessons, a brief tutorial gives students practice in all of the mouse movements and types 
of activities they will encounter in the program. Students work independently 3-5 times a 
week with animated, on-line lessons or episodes lasting approximately 20 minutes. 
Lessons begin with easier skills that gradually increase in difficulty by building upon 
each other through guided practice, repetition, and cumulative review. Instruction 
3 ©Florida Center for Reading Research: http://www.fcrr.oeg 
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includes securing the alphabetic principle, beginning and advanced decoding strategies, 
developing fluent reading and deriving meaning from text. A scope and sequence 
portrays the components of reading found in the 80 lessons. Another chart delineates the 
sequence ot individual sound and units ot sound introduction for each episode (lesson), 
including decodable words and sight words, giving a snapshot view of what a student 
should accomplish at various points in the program. 
Many unique aspects inherent in the design of Headsprout Early Reading 
facilitate the student’s acquisition of early reading skills. First, in an attempt to reduce 
errors, the necessary skills and strategies of reading are broken into their component parts 
(Twyman, Layng, Stikeleather, & Hobbins, in press). The careful construction of each 
lesson explicitly, sequentially and systematically leads a student to mastery of that 
lesson's objective. Another important aspect is the program’s ability to adapt to the 
unique needs and pace of each student, allowing some students to move through lessons 
quickly while others who require extra practice are given more instruction. This is 
accomplished by technology responding to a student’s pattern of errors. A series of 
correction procedures exist that are sequenced by the intensity of support they offer 
students. Depending on the student’s response, immediate feedback is given and a simple 
error correction is begun. If the student persists with the error, a more supportive 
correction routine is supplied, additional learning and practice opportunities are created, 
or, the skill is taught again and students are returned to the original task. The pedagogical 
framework within each episode of Headsprout Early Reading is designed such that 
students exit after they have achieved mastery of the lesson’s key objectives. This 
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particular feature of Headsprout Early Reading increases a student’s likelihood of sucess 
in the following lesson. 
How is Headsprout Early Reading aligned with Reading First? 
Headsprout Early Reading incorporates the five critical components of reading 
instruction, cited by the National Reading Panel and Reading First: phonemic awareness, 
phonics, fluency, vocabulary, and comprehension. Another important element to establish 
with beginning readers and one that is found within these lessons is the idea of print 
concepts. 
Phonemic awareness and phonics instruction are carefully intertwined in 
Headsprout Early Reading. Students have the opportunity to work with individual sounds 
or sound blends in isolation followed by identifying the target sounds in the context of a 
word. Students practice seeing, hearing, and saying individual sounds while continuously 
being made aware of the fact that the sounds they hear are part of words. The sound-letter 
association, or alphabetic principle, is established immediately through sound isolation, 
segmenting, blending and manipulation exercises. Headsprout Early Reading effectively 
uses visual techniques that cue the young reader to the separation of sounds when 
learning sound blends, how letter-sounds join to form a word, and when segmenting and 
blending words. While decoding individual words, this program either uses a finger 
pointing under the individual sounds in the word, or uses lines. As the word is slowly 
sounded out, the corresponding letters are underlined. Then the entire word is underlined 
quickly to signal a blending of the word at normal speed. Decodable text is used to enable 
students to apply the sound-letter relationships they have been learning in the context of 
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simple sentences and stories. Every few lessons, students receive a Headsprout Reader 
decodable book to encourage independent reading and practice the skills they have been 
learning. 
Fluency development is the hallmark of Headsprout Early Reading. All 
dimensions of fluency are addressed in this program: reading rapidly, accurately and with 
expression. Automaticity is developed immediately in beginning lessons as students learn 
to quickly identify and say sounds. Opportunities for repeated practice, with a focus on 
increasing speed, allow students the possibility to build sound pronunciation and word 
reading fluency that is quick and accurate, strengthening future sentence reading. With 
decodable text, students practice fluency with skills they have already learned. Accuracy 
is addressed by hearing a fluent model as well as through the many helpful correction 
procedures. Story reading involves hearing an expressive model and then having several 
chances to read the story independently, each time trying to increase speed. In later 
stories, a stopwatch appears in the top corner and students can time their own reading, 
trying for a faster reading each time. 
Vocabulary instruction occurs throughout the lessons once students use sounds to 
construct words. Activities in the lessons link the words in sentences to their meaning by 
use of pictures and actions. Students may read sentences with a missing word and choose 
the correct word to fill in the blank, or rearrange a random ordering of words so they 
represent the correct order. All decodable words and irregular words appear in a 
vocabulary exercise prior to being read in a story so that a student’s chance of a 
successful reading is increased. Vocabulary instruction illustrates that words in sentences 
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take on meaning that is not necessarily clear when reading the same words in word lists. 
Sight words are developed through varying styles of multiple repetitions. 
Comprehension instruction is an integral part of Headsprout Early Reading. 
Students soon understand that the individual sounds they are learning connect to make 
words that are already in their speaking vocabulary. Once words are learned they are 
quickly put into sentences that are linked with pictures. When sentences or stories are 
read, a question is heard, and students demonstrate understanding by choosing the 
corresponding picture. Questions are either literal or inferential and pertain to the story’s 
main idea, or the main idea and details. If students experience difficulty in answering 
correctly, they are encouraged to go back into the story to look for the answer. If they still 
can’t figure out the answer, the correct section of the story is highlighted so that they 
become aware of the answer. 
Professional development exists as a half or whole day training addressing how to 
best use Headsprout Early Reading and/or Reading First and scientifically-based reading 
research. They may take place in person or via telephone and the Web, is tailored to the 
needs of the school, and is available for an extra cost. Due to the self-explanatory nature 
and ease of implementation of the program, extensive professional development is not 
necessary. During initial implementation however, telephone and email support are 
available. 
Research Support for Headsprout Early Reading 
Headsprout Early Reading is a fairly new program, which appeared in 2002 as 
Headsprout Reading Basics and was expanded in 2003 to include Headsprout Reading 
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Independence. During development, formative evaluation of the instructional methods 
used in Headsprout Early Reading employed a single-subject, changing criterion design 
that focused on experimental control of variables (Layng, Twyman, & Stikeleather, 2002, 
2003, in press). Rigorous formative evaluation with regard to the instructional design of 
the program was used as data were continuously collected and analyzed (Layng, et ah, 
2003). Because Headsprout Early Reading is Internet-connected, all data from individual 
students are uploaded to the Headsprout server and analyzed, and information is 
generated on the performance of thousands of students and is available for school reports 
and program revisions as needed. 
Developmental and validation testing for Headsprout Reading Basics occurred 
within the Headsprout laboratories in 2001-2002 (Layng, et al., 2002). Students 
participating in the analysis (n=241) were beginning readers who had not yet shown 
understanding or skill in the use of the alphabetic principle in reading. They came from a 
cross-section of socioeconomic, gender, race, and geographic categories. The mean age 
for the student was 5 years and 3 months, with 12% described as special needs learners. 
All responses for every individual were collected and entered into the Headsprout 
database and analyzed. Overall, the mean percent correct or responses during work with 
the program was over 84%. Only 15% of the special needs learners scored below 90% in 
correct responses. Pre-and post-testing for 20 of the students was performed with the 
Woodcock-Johnson Letter-Word Identification subtest. Pre-testing yielded a min- 
Kindergarten score (.5) and at the time of post-testing, students scored at a mid-1st grade 
level (1.5). While these results are encouraging, additional evidence about the 
instructional utility of the Headsprout program will help determine whether or not these 
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same results would have been achieved for these children independent of other factors in 
their ongoing educational experiences (i.e. classroom instruction). 
One developmental testing determined the program was reliably producing the 
desired outcome for almost every learner, Headsprout Reading Basics was deployed in a 
much larger field (beta) test over the Internet. Over 1,000 learners participated from all 
regions of the country. Data from the field test were collected and analyzed to further 
improve the program prior to launch in the schools. Field test learners produced the same 
high percent correct scores as the developmental (validation) testing learners. 
A pilot study for Headsprout Reading Basics was implemented in a Title I 
Kindergarten class in the Seattle Public School system in 2002 (Layng et al, 2002 in 
press). With a high mixture of racial and ethnic minority students, 70% of the students 
qualified for free and reduced lunch. The Headsprout program was integrated into the 
instructional day. Teachers received minimal amounts of computer training and technical 
assistance was available as needed. Students completed the program in 13-37 weeks 
depending on scheduling and attendance. Although no formal, standardized pre-tests 
were performed, a smaller group of students, n=23, who completed the lessons in 15 
weeks time, were administered the Developmental Reading Assessment (DRA) after 
instruction was complete. While 100% of the students scored above grade level, 82% of 
the students scored at an early to mid 1st grade level. Again, in the absence of an 
appropriate control or comparison group, these data, while promising, do not 
conclusively demonstrate the unique instructional power of this program. 
Headsprout Reading Basics was used in the following year (2003) in the same 
school, for a small group of Kindergarteners (n=16) with essentially the same 
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demographics. Assessment using the Woodcock-Johnson Word Identification subtest 
yielded a pre-test level of .4 or early Kindergarten while post-testing revealed a mid 1st 
grade level, 1.3. What is impressive about these results is that they were obtained during 
the 9th or 10th month of Kindergarten with only 12-15 weeks of instruction. However, an 
evaluation that includes an appropriate control or comparison group will help yield more 
conclusive evidence. 
Headsprout Early Reading is a young program, and its developers are interested 
and actively engaged in the continued evaluation of the program. New studies are in 
preparation and a longitudinal study conducted by independent researchers, slated for 
implementation in the Fall of 2005, will evaluate this program in pre-schools in Michigan 
and elementary school in West Virginia. 
In sum, the content and design of Headsprout Early Reading reflect scientific 
research with an abundance of instructional strategies in phonemic awareness, phonics, 
fluency, vocabulary, and comprehension. The developers of Headsprout Early Reading 
have produced a wide array of evidence that most children who work with the program 
acquire the specific skills it is designed to teach. However, whether use of the program 
produces gains in reading that are independent of, or in addition to, the gain that might 
result from classroom instruction, is yet to be determined in studies that employ 
appropriate control groups. 
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Strengths and Weakness 
Strengths of the Headsprout Program 
Every student response is acknowledged with appropriate reinforcement and 
feedback. 
- All lessons are highly interactive and provide multiple opportunities for practice, 
which in turn, increases student involvement. 
The sequence of sounds in this program were chosen because of their consistency 
in pronunciation. 
Sounds are held out or stretched during pronunciation and sounding out of words. 
A high focus on all aspects of fluency: establishes automatic letter-sound and 
word recognition, models expressive readings of text, and provides multiple 
opportunities for repeated readings that are geared to increasing speed. 
Decodable texts are used to provide students with the chance to apply the skills 
they have been learning 
By weaving cumulative review throughout all episodes, the potential for 
increasing the retention of skills and strategies is augmented. 
The program adapts to a student’s pattern of response, offering corrective 
feedback and teaching routines that are supportive and instructional 
Even though the program does not use voice recognition technology, the design of 
instruction encourages frequent oral responding, which is verified by a model for 
comparison 
Weaknesses of the Headsprout Program 
None were noted. 
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APPENDIX B 
TEACHER SATISFACTION SURVEY 
Thank you for your participation in this study using the Headsprout program. Please 
complete this survey. 
Please rate on a scale of 1-5 the extent to which you agree or disagree with the following 
statements by circling the corresponding number. 
1 = Strongly disagree 
2 = Disagree 
3 = Neutral 
4 = Agree 
5 = Strongly Agree 
1) My students enjoyed using the Headsprout program. 
J_2_3_4_ 5 
2) I am satisfied with the results of the Headsprout program. 
1 2 3_4 5 
3) My students’ early literacy skills improved as a result of using the Headsprout 
program. 
1 2 3 4 5 
4) The Headsprout program aligned well with the Scott Foresman curriculum. 
12 3 4 5 
5) The Headsprout program was easy to implement into the students’ reading block. 
1 2 3 4_5 
6) I would recommend using the Headsprout program for Kindergarten students in 
subsequent years. 
1 2 3 4_5 
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Please comment on the following questions. 
1) What aspects of the Headsprout program did you and your students enjoy? 
2) What aspects of the Headsprout program did you and your students dislike? 
3) Do you feel that your benchmark level children benefited from this program? If so, 
how? 
4) Do you feel that your strategic and intensive level children benefited from this 
program? If so, how? 
5) What would you change about the Headsprout program or about the way in which this 
study was conducted? 
Please write any additional comments below. 
Thank you very much for completing this survey. 
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APPENDIX C 
POST-HOC COST/BENEFIT ANALYSIS 
The effectiveness of the Headsprout intervention by number of lessons completed 
for each of the students in the experimental group was visually analyzed through their 
performance on the dependent variables. Considerations were made to group students 
into categories of lesson completers (such as those completing between 20 and 25 lessons 
in one group, and those completing between 25 and 30 lessons in another group). 
However, the visual analysis of the individual student data prior to grouping students into 
category, depicted in Figure 4, reveals that there is not a linear relationship between the 
two variables. 
Figure 5. Scatterplot Graph of Number of Lessons Completed and PSF Change Score 
The results were similar when graphing the number of lessons and the N WF 
change score variable in Figure 5. Based on the visual analysis of the two graphs, it is 
believed that the relationship between Kindergarten children’s improvement on NWF and 
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PSF tasks and the number of lessons completed is minimal. The rationale behind these 
findings will be explained in the discussion section. 
Figure 6. Scatterplot Graph of Number of Lessons Completed and NWF Change Score 
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